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ABSTRACT

The thesis is a 4ualitative study in science education,

focussing on how students make sense of and understand

concepts related to the study of a wetland. Six grade five

students' talk and drawings recorded during a two week

wetland unit formed the basis for the analysis. The

analysis vas divided into two levels. The first level of

the analysis examined students' understandings and explored

student traits that contributed to a clear, stable

understanding of the wetland environment. Students' ideas

seamed to fit certain pazterns, which were categorized and

discussed as strongly held ideas, developing ideas, easily

altered ideas, and contradictory or confusing ideas.

The second level of the analysis examined two of the

students' sense making processes, termed respectively a

"scientific" process and a "storytelling" process. How

students made sense of information seemed to be related to

what they understood about the wetland. The student who

used a "scientific" sense-making process provided

unakbiguous, clear and general explanations for events

occurring in the wetland. The student who used a

"storytelling" sense-making process provided pemonal

stories, using factual information as part of the story.

Her explanations for events were sometimes contradictory,

and they were specific to individual situations. She did

not seem to have a stable, clear perception of the wc.land

".



environment.

By providing a context within which students' actions

can be observed and analysed, the wetland study suprlies

information about how students' talk and play develops as

their experience with concepts increases. The wetlagd study

is important for two reasons. First, as a sustained study

of a group of students, it creates a framework for studying

how students make sense of science concepts over time.

Second, as a study developed and administered by a classroom

teacher, it provides support for perspectives gained through

research by a teacher within the classroom.
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CHAPTER 1

EXPLORING CHILDREN'S UNDERSTANDING: AN OVERVIEW

=Waring the Grounds for the Thula

Fow studies in science education research have observed

how a group of students mAks sanse of a set of related

concepts over a period of time. Aguirre and EUhn (1987)

observed students throughout a month long unit on radiation

and nuclear energy but the focus of their study was to

examine the characteristics of instruction that encourage

students to construct knowledge as they learn. Bloom (in

press) analyzed students' talk about their understanding of

an unfamiliar concept but he interviewed each studAnt only

once. Other studies (Snively, 1983; Gilbert, Watts &

Osborne, 1985) have used different methods for interviewing

students to analyze their understand!mg about specific

concepts but few studies have examined how students make

sense of specific science concepts over period of time.

The current study provided six grade fivs students with

opportunities to make observations about and to explore a

wetland environment daily during a two-week unit. The study,

termed the wetland study, was designed to examine not only

what students understood about the wetland environment but

also to examine how they made sense of their observations.

The thesis is based on a qualitative study of a

learning situation. The purposes for the study are linked

1 0



2

to my experiences as an elementary science teacher. I am

concerned about how students sometimes seem to make little

sense of scientific principles. If, as a teacher, I know

more about how students make sons* of information relating

to specific concepts and can recognize a pattern to
4

students' development of understanding, then it may be

possible to better meet students' needs by providing them

with tools to help them effectively extend their

undsrstanding.

purposes of the Study

The primary purpose of the current study is to explore

how students make sense of concepts related to the study of

a wetland environment. The secondary purpose of the study

is to assess the value of several methods used to collect

data in an ethnographic study in which the instructor is

also the primary observer. The research questions addressed

by the primary purpose are:

1. How de students express their understanding of the

wetland environment throughout the 'milt?

2. What are the common characteristics of the

students' talk about the wetland environment?

3. What processes do students use to make sense of

concepts?

Research questions related to the secondary purpose are:

1. Which methods produce the most robust data?
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2. Whi.. are the strengths and limitations of each

method?

The sixth chapter of the current thesis reviews the study

and assesses how successfully each of these questions has

been answered.

=line of the Study

The theoretical fremework for the c.....crent study

outlines sevcral research perspectives that have been used

to examine studen*s' understanding. The wetland study

overlaps several areas of research. Ideas about the nature

of science, about science educaLion, about cognitive

psychology theories, about reflecting on experience to

become expert, and about the role of language in stTucturing

thinking form the basis of the literature review, found in

chapter 2.

Science educators have expressed a great deal of

frustration about students' resistance to accepting a

scientific way of thinking (Linn, 1987; Driver & Bell, 1986;

Champagne & Wlopfer, 1984). Several researchers have

suggested that identifying students' misconceptions can

allow new curriculum to be designed that can change

students' understandings (Arnaudin & Nintzes, 1985;

Wandersee, 1985; Gil & Carrascosa, 1987). That seems to be

only a partial solution. Information processing theory

suggests that before students can be conAnced to think as

.12



4

scientists it is important to understand what is creating

their resistance to change.

Schema theory, whidh suggests that people create new

knowledge by using their existing knowledge base to make

sense of observations, is suggested as a feasible model for

explaining how students' perceptions of concepts can be

different from scientists' perceptions (Champagne & Klopfer,

1984; Osborne, Bell & Gilbert, 1983). Information

processing theory provides a useful way of thinking about

how students create knowledge. The literature review in

Chapter 2 suggests another view about how people make sense

of events, looking at how our use of language structures our

thinking. Differences batween everyday uses of language and

scientific uses of the same language are suggested to create

a cultural barrier that students find diffic-lit to cross

(Hawkins, 1978; Hawkins & Pea, 1987; Osbornu, :,011 &

Gilbert, 1983).

The thesis has been divided into.six chapters. The

second chapter provides a rationale for the study. Reasons

for choosing to observe students' responses to a task for

two weeks as an instructor are discussed and supported by a

theoretical framework in Chapter 2. Chapter 3 describes the

setting for the study, the curriculum outline and all data

collecting methods. Since the analytical framework was

created as the data was collected and examined, the genesis

of the analysis is described as part of the methods chapter.

j-
13
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TWo chapters have been devoted to presenting the

analysis of the data. The analysis developed into two

levels with a common purpose--to comment on how students

understand information. Th first chapter of the analysis,

chapter 48 suggests that students' prior experiences, their

ability to use language to clarify ideas, and their

confidence in their own knowledge can affect how they

understand ideas. Students' ideas have been categorized

into four groups--strongly held, developing, easily altered

by observation and contradictory or confusing ideas--to

provide a franework for comparing and discussing students'

understandings.

Two of the students in the group were found to have

very different perceptions from one another about the

wetland environment. These two students are discussed in

the second chapter of the analysis, chapter 58 examining the

processes two students used to make sense of their

observations about the wetland. Although both students

played with materials and talked about their ideas as they

sought to make sense of information, one student seemed to

use a more effective process for linking ideas. The two

types of serse making processes are termed a "scientific"

process and a "storytelling" process.

The "storytelling" process involved creating metaphors

and stories to make sense of the wetland environment while

the "scientific" process involved making hypotheses about
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problems based on chum in the environment, and testing the

hypotheses as far as possible. The analysis suggests that

a student vho makes sense of information by weaving it into

stories may understand individual events in different ways

while a student who makes some of information by searching

for clues to support his or her current knowledge may

understand that events are relav.ed, and may seek consistent

explanations tor events.

The final chapter of the thesis summarizes the study,

assesses the value of each data collecting method used and

answers the research questions presented above. Individual

interviews, and tape recorded sessions are suggested to be

the most useful data collecting methods. The effectiveness

of several interview techniques derived from other studies

is discussed.

Implications of the wetland study are discussed in

chapter 6. The wetland study provides evidence to support

some parts of the current theoretical understandings about

how students make sense of information. The study indicates

that students need to manipulate materials and to talk about

their ideas. It also suggests that more qualitative research

studies are needed in the area of science education to

observe how students' understanding develops aboat specific

concepts over a period of time. Chapter 6 ends with

comments ab.ut the study's design, and questions appropriate

for a follow-up ethnographic study, to be done by a teacher,

15



CHAPTER 2

CHILDREN'S UNDERSTANDING: A CONCEPTUAL FRAMEWORK

=Jana'
As an elementary science teacher I am curious about hoe'

my studenti learn and I am concerned about students who seem

to be constantly frustrated by the process of learning. In

spite of efforts to improve the success of science education

programs, children's ideas about scientific phenomena have

been found to often be idiosyncratic and resistant to change

through education (Champagne & Klopfer, 1984; Linn, 1987).

Students' resistance to change through education is not

only frustrating as an educator but also potentially

dangerous. There is a realization that we need to rapidly

change how we think about the earth if we are to survi7e

much longer on this planet. Educators can play an important

role in shifting cultural perceptions about the environment.

If we know how students' understandings about the world

affect how they make sense of new information, then perhaps

we can find ways to challenge students basic views and

al!fect real change in theif perceptions of the world.

Several interpretations based on a variety of

theoretical frameworks have been developed to explain how

students make sense of data and how their perceptions about

the world may affect their understanding. The current

thesis makes reference to several research theories

1.6
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explaining students' sense making processes. These theories

are discussed in this chapter.

The literature review has hsen divided into five

sections. The first section considers the nature of science

and how science is often perceived as a discipline. The

second section discusses findings in science education

literature explaining studezi.x, alternative conceptions of

science information. Differences between the cultures of

science and of everyday living aro discussed. Strategies

being used to make sense of students' alternate conceptions

and to encourage them to adopt a more scientific approach

are also considered. The third section discusses the role

of cocnitive psychology research in examining how students

construct knowledge.

The fourth section of the chapter discusses the

value of reflecting on one's understanding about events and

considers the importance of language and play in students'

attempts to make sense of unfamiliar ideas. The last

section discusses reasons for using an ethnographic research

design in the current study and some considerations to be

made within a qualitative study.

The Nature of Science

The first section of the literature review briefly

examines the nature of science and how it is thought about

by teachers as the purveyors of science education. The

17
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argument suggests that the view of the world presented

through science education must be recognized by teachers as

an inescapable influence on their teaching. Students' views

of the world are considered within the second section of the

literature review dealing with alternate conceptions.

One of the most powerful influences on the perception

of what should be taught in science comes from the world

views of those involved in the education process. A world

view provides a conceptual structure which incorporates an

individual's knowledge and experiences about the world into

a sensible, meaningful model. Rilb/Jurn (1980a) suggested,

with reference to Pepper (1942), that one's world view is so

intimate and pervasive that its effects on one's actions are

enormous but often unsuspected. Rilbourn (1980a) pointed

out that the hidden, or even subconsCious message relayed to

students by the teacher can block the students' awareness

that there can be other ways of viewing the world.

MUnby and Russell (1983) and Kilbourn (1980a) agreed

that the model upon which science education !.; currently

based is that of a metaphysical machine. A mechanistic view

of the world assumes that events are predictable and

generalizable, and that causes can be linked to effects. If

scientific thinking is linked only to a mechanistic model

within school science, then acceptable ways of thinking

about events are limited. Such a view is troublesome

because it can contribute to problems in increasing

28
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students' success in science education. In spite of

instruction, many students maintain their own sense making

system about the world, rejecting the teacher's view that a

scientific perspective would be superior. Driver and Bell

(1986) pointed out that, in fact, students often interact

with experiences in their own ways and that they can learn

diV2erent things from the same experience.

Hodson (1986) took a number of examples of figures used

in psychology to illustrate the; observations about the

world are dependent upon the viewer's experience with the

data, upon previous knowledge of the figures, and upon the

context in which the figures are presented. Goldstein and

Goldstein (1978) argued further that observations about

similar events can lead to uidely varying conclusions based

on cultural understandings about events. Cultural

understandings, including cultural differences between

scientists and non-scientists, colour the context within

which an individual perceives events.

The effect of context on perception is not accounted

for within a mechanistic world view. Roberts.(1982)

suggested that widely opposing views--those that deal with

the mechanics of events, as opposed to those that deal with

the context within which events occur--can provide cqually

sound arguments to explain situations. Although he was

examining ways of approaching research in science educatioh,

the argument also seems to be appropriate to the discussion

19
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about the nature of science itself. The difference between

ways of arguing rests in the backbit:, provided to support the

argument. If events appear to be causally related and

evidence of causation proved, then a mechanistic view can

provide a plausible explanation for observed events. Often

events are not logically or evidentially linked. In some

cases, vents may be better explained by recognizing that

they must be viewed within a particular context.

A mechanistic view and a contextual view of the world

and of science in particular can be complementary.

Different world views can explain the same phenomena, in

ways that make sense to individuals who approach the problem

with different knowledge bases and a range of experiences.

This issue will be referred to later in the thesis, during

the discussion of the results of the study. The next

quebtion to be considered in the literature review is how

successfully students' explanations can describe the

environment for another person. The basis for asking the

question has roots in the "miscomeptions" literature.

Nisconceptions Literature

"Misconceptions" literature within the current

discussion refers to a number of research findings with two

common features. First, they all acknowledged that students

enter science education programs with a well established

world view. They recognized that students make selective

20
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observations about tho world and organize information in

ways that make sense based on their understanding about the

way the world works (Fisher & Lipson, 1986; Linn, 1987;

Hawkins & Pea, 1987). The second common feature of all the

papers was recognition that it is extremely difficult to

change a student's interpretation of events.

The major differences between researchers' views can be

illustrated by the language they use to describe learners.

Two approaches to explaining students' inability to accept a

scientific conception of evsalum are discussed below. The

first group classed students' non-scientific understandings

as errors, or as misinterpretations of information while the

second group examined non-scientific understandings as

failures to adopt the culture of scientific thinking and

inquiry.

jtudies Focussing oa Student l'rrors or Misinterpretations

Discussions about student errors in science can be

presented either as an issue encouraging students to reflect

upon their work or as an issue encouraging educators to

reflect upon the curriculmm. Fisher and Lipson (1986)

suggested that student errors can be used as a means of

improving students' ability to assess their own work. In

contrast, a mber of researchers discuss students'

"misconceptions" as a problem related to cu:miuclum, with

responsibility for change being left to educators. Fisher

21
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and Lipson's research is discussed below, followed by a

selection of reports suggesting curriculum changes to

improve science education.

Fisher anl Lipson (1986) recommended analyzAng

students' errors in -cience as an effective means of

discovering root causes of students' misunderstandings.

Errors, they contended, are an essential part of the culture

of science. Students should be able to use errors as

opportunities to critically assess their own work and to

learn how to avoid the problem in the future. As a teacher,

I like Fisher and Lipson's view. Students seem to be

willing to risk more if they recognize that it is, in fac...

a part of science learning to make mistakes. Acceptance and

assessment of errors may be one important factor in

challenging stadents' non-scientific conceptions, but the

approach assumes that a certain level of enculturation into

the world of scittntists already exists. A cultural barrier

between scientific and everyday thinking is described below.

Many researchers seemed to suggest that it is the

educator's task to alter children's perspectives. Several

science education research reports offering suggestions for

changing science curriculum are reviewed below (Arnaudin &

Mintzes, 1985; Perez & Carrascosa, 1987; Wandersee, 1985;

Gilbert, Watts & Osborne, 1985). Common features of the

reports were that they all discussed the need to change

students' ideas about scientific events and they all focused

22
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their assesssent on students' concepts of one narrow issue

in either life sciences or physical sciences. Perhaps the

most important feature to note is that they all presented

stulents with a series of direct questions requiring simple

answers that could be statistically analyzed and readily

compared with other students' responses.

Arnaudin and Mintzes (1985), and Wandersee (1985)

compared students' responses across grades. Based on their

findings, they both suggested that as children get older,

some of their ideas progress toward scientific ideas while

other concepts are resistant to change. As an example,

Arnaudin and Mintzes (1985) discovered that students'

understanding about the function of blood shifted from an

elementary school understanding that blood keeps people

alive, to a more advanced understanding that blood camas

oxygen and nutrients. On the other hand, students' ideas

about the structure of blood remained relatively constant

from elementary school through college level.

Wandersee (1985) found that as studenti. progressed

through sdhool, they tended increasingly to choose

explanations about photosyrthesis from a selection of

historical understandings that fit the currently accepted

explanations. Some concepts were easily shifted while

others led to only a small increase in the number of

students adopting the accepted scientific explanation with

increasing grade. Both studies (Arnaudin & Mintzes, 1985;
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Wan4ersee, 1985) provided recommendations for improving

science curriculum, based on methods tested in the study.

There seems to be an implicit yet unproven claim in both

studies that their suggestions for curriculum development

can alter students' understanding and improve science

education.

Two of the papers (Gil 4 Carrascosa, 1987; Wandersee,

1985) suggested that students' common sense responses

reflect the historical misconceptions of scientists

studying, respectively, the principles of mechanics and

photosynthesis. Students were found, in both studies, to

provide answers that supported common se conclusions

about problems, rather than agreeing with current scientific

theories. Gil and Carrascosa also found that both students

and teachers tended to answer questions quickly, limit.Ing

the amount of time spent reflecting on the problem.

Both Gil and Carrascosa (1987) and Wandersee (1985)

recommended including a history of science in science

education courses an a moans of reducing students'

"misconceptions." The discussion in both studies was

unsettling because neither one explained how introducing

students to historical errors in vitence would increase

students' ability to interpret events from a scientific

perspective. Furthermore, Wandersee's eata suggested that

students did pot always move from disproven historical

theories to accepted theories even after instruction.

°44,
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Gil and Carrascosa (1987) suggested that historical

evidence could shift students' understandinl, but they

showed that the number of incorrectresponses students

offered about mechanics questions remained relatively

cons'ant, or even increased with age. No evidence has been

provided to support the claim that introducing students to

historical errors in science can increase students'

selection of currently acceptable scientific theories.

There may be sone relevance to the notion that students

should understand something about the history of science,

but neither Gil and Carrascosa nor Wanders,: (1985)

presented evidence to inlicate how an introduction to the

history of science could increase students' success in

understanding scientific principles. Part of the problem

may be that the studies reviewed above used multiple choice

questionnaires to determine students' ideas and did not

encourage students to talk about their understandings.

Studies conducted by Gilbert, Netts and Osborne (1985)

were similar in some ways to the studies described above in

that students were shown a series of pictures related to a

physical principle and were asked questions answerable with

"yes" or "no." In addition to Lie simple questioning,

however, students were asked to explain their responses.

The technique, termed an Interview-about-Instances (IA1),

was used to explore students' use of language about physical

phenomena.
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The IAI technique provided xor Gilbert et al.11985) a

context within which to explore the culture of students in

science (Ileums. Discussion about studentn° t:se of language

to describe scientific phenomena providsa the basis for the

next part or the literature review, exploring the

differences between students' culture and scientists'

culture.

feilure to Adont_the Culture of Scientists

Osborne, Dell and Gilbert (1983) outlined differences

betwerin children's science, which they refer to as

"children's attempts to make sense of the world," and

scientist's science. Scientists, they suggestitd, are

capable 'If abstract reasoning that is difficult for children

as they strucgle to understand the immediately surrounding

world. Children base their understandings about the world on

their own experiences and tend to search for specific

explanations for events even if this means contradicting an

earlier explanation given in a similar situation.

Scientific understanding often goes beyond a child's

experience. Children can have a difficult time recognIzing

a need for 2herent, non-contradictory explanations for

events.

Another difference separating children's culture and

scientists' culture involves a language problem. Although

many of the same words aro used to describe everyday
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situations and scientific events, scientific explanations

require mudh more precise definitions. Osborne et al.

(1983) argued that children, being exposed more to the

everyday uses of language than to its scientific uses become

increasingly resistant to the linguistic precision required

to understand and to explain events as a scientist. They

suggested that there can be greater cultural similarities in

the understanding of concepts across international borders

than across the border batween everyday and scientific

thinking.

Hawkins (1978) expressed concern about the seemingly

unbrestchable culture gap betwean common sense and science.

He argued that the bridge between the cultures involves

increasing students' understanding of elementary scientific

principles. These fundamental principles are seen as the

basic units upon which all other understanding of science

events can be structured. Hawkins' (1978) outlined several

issues students often find difficult to understand, such as

principles of size and scale. He termed these difficult

concepts as "critical barriers" to scientific understanding.

Hills and McAndrews (1987) elaborated on Hawkins work,

suggesting that students and teachers can cross critical

barriers by spending time observing and talking about

scientific phenomena presented in unusual ways.

How can the language barrier between everyday and

scientific understanding be bridged? Several science

27



19

education researchers have taken steps to explore the

prOblem. Their work is discusoed within this section.

Discussion of the role of language in developing an

understanding of scientific principles overlaps with several

areas of research. In a later section of this chapter the

issue of language as a tool for sense making is approached

from a cognitive perspective. The present discussion

focuses specifically on the function of language in science

education.

One of the greatest differences between everyday

language and scientific language is the level of precision

required to explain concepts (Hills & McAndrews, 1987;

Hawkins & Pea, 1987). Everyday language is rich with

metaphors that provide adequate images to make sense of

events but when analyzed closely, they often present

contradictory, incoherent explanations of events (Hawkins &

Pea, 1987; Osborne, Hell & Gilbert, 1983). Hawkins and Pea

(1987) suggested that one of the common features t!'f everyday

language and science language is the use of explanation.

Teaching students to use language precisely in explanations

may be an essential step in bridging the gap between the

language of science and evexyday language.

Studies examining children's oral language suggested

that there is a great deal of redefining of terms as

children consider new information about observations.

Solomon (1983) suggested that students can adopt scientific
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explanations for events if they are taught using a mixture

of scientific and everyday language. Osborne et al. (1983)

argued that teachers often present a confusing mixture of

cliildren's science concepts mixed with textbook science

terms. Children's science, they contended, cannot be

ignored, but Should be recognize4 both by the teacher and

the child as a structure of ideas that must be challenged.

When children are presented with an unusual situation

and are asked to talk about it, they seem to create meanings

(Bloom, in press). Bloom suggested that students draw on

other familiar concepts to create meaning about and

explanations for an unfamiliar observation. When children

were presented with a container filled with earthworms and

asked to talk about it they seemed to seek associations

between their experience and previous knowledge. Bloom also

found that students created metaphors to describe the worms.

In other work (Bloom, 1990), students were asked to

create context maps. Context maps required students to link

all their ideas about one topic, such as world issues, using

words and pictures. Follow up interviews with the students

allayed them to talk about their context maps and to explain

their thoughts. Bloom's methods allow children to talk

about their beliefs but capture only a moment of the child's

thoughts. There seems to be a need to explore how students'

thoughts can develop ard be used to create a bridge between

everyday language and the language of science. The next

2
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section of the literature review identifying students'

thought processes moves into information processing

theories.

Ognitiii-lay-Pbglme-Ranam11--Diara-thing-
Aanialiaking-Iiinutisaar

Questions about how learners make sense of information

provide the basis for many research projects in the fields

of science education research and information processing

research. The work of many researchers overlaps the two

fields (Champagne.& Rlopfer, 1984; Resnick, 1983; Carey,

1986; Osborne & Wittrock, 1983; Posner, Strike, Hewson &

Gertzog, 1982). This section of the literature review

outlines features of cognitive psychology research that

offer valuable insights into science learning.

The section begins with an overview of schema theory,

followed by a discussion of current views held about

processing and accessing information. The section ends with

ideas about how students can accept data inconsistent with

their apparent understanding of scientific principles and

comments about differences between novice and expert

information processing.

Defining Schemata

Two major types of knowledge occurring in memory have

teen defined--procedural Knowledge, referring to knowing
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how, and declarative knowledge, referring to knowing that.

A schema refers to a knowledge structure in memory which

allows declarative knowledge, sorted by categories and

relationships, tc be retrieved from long term memory

(Champagne 8 Klopfer, 1984). Schemata provide the learner

with expectations about what will happen within a particular

situation (Anderson, 1984; Bransford & johnson, 1972).

Bransford and Johnson (1972) demonstrated, using a series of

seemingly ncn-sensical passages, that if the context within

which information is presented is obscure then learning is

likely to be slow and uncertain. They argued that in the

absence of a familiar context the learner could have trouble

assimilating infermution into an existing schema.

For some learners, the context within which science

concepts are presented may be obscure. Champagne and

Klopfer (1984) have observed that students sometimes

P,3sociate science information with schemata other than those

intended by the teacher. They have found, for example, that

while students may accept the laws of Newtonian mechanics in

one situation, they may s4ot be applied to other situations.

As has been disc=zed above, students' conceptual

frameworks for understanding data can be extremely resistant

to change through instruction. What does information

processing research offer for improving science education?

Three approaches are discussed below. First, it may be

possible' to change a student's perspective on a problem.
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Second, students' problem sorying experiences may assist in

modifying existing schemata. Third, it may be possible to

facilitate students' access to knowledge stored in memory.

atC12111W311-1111LarsMiliELIDISISliti1211

Differences in perspective often provide the basis for

humour in our society. Children enjoy, for example, the

adventures of Amelia Bedelia who does many silly things as

she responds inappropriately to literal interpretations of

terms. I think that children enjoy the humour because they

sometimes find themselves holding a view that is not the

perception expected or accepted by the teacher. Shifts in

perspective may involve showing a picture to create a

context through an image (Bransford & Johnson, 1972) or

providing an additional piece of information to use as a

hint or clue to the expected context (Anderson, 1984;

Bransford, Sherwood, Vye & Risser, 1986).

Anderson and Pichert (1978) found, in a study asking

university students to read a description of a house, that

details were most clearly recalled when the information was

considered to be important based on a particular perception.

When subjects were prompted to change their perception of a

problem, from a burglar to a prospective housebuyer, a

different set of impoezent details could be retained from

the same descrIption. After a period of time, unimportant
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details were found to disappear and to become irretrievable

from memory.

Finding ways of changing students' perceptions about

science prOblems may be one way to increase the success of

information recall. Resnick (1983) has suggested that

without appropriate schemata to organize and structure

knowledge, information im forgotten or at least inaccessible

to memory.

Improving students' skills as problem solvers mai be a

second way of increasing students' development of

appropriate schemata for assimilating science information.

Carey (1986) and Larkin and Rainard (1986) have suggested

that with increasing expertise, nev relations between

concepts become obvious, creating new schemata appropriate

for solving problems. The process continues as new problems

arise and schemata are developed and modified to solve the

new current problems. Shifting from a novice problem solver

to an export is discussed in the next section of the

literature review, focussing on the learner as a reflective

problem solver.

Larkin and Rainard (1984) have identified three

components of a problem solving model. The first is a

representation of the problem solver's current knowledge

about the problem. The representation can take several

forms, depending on the problem solver's choice of and

ability to use a variety of communication tools.
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Gardr,m. and Hatch (1989) maintained that the

communication of intelngence in schools is largely limited

to logice-mathematical and linguistic formats. They

suggested that assessment of students' ability in school,

including their ability to solve problems, should allow

students to explore a multitude of intelligences. Larkin and

Rainard (1984) have limited the current preblem solving

model to logical-mathematical and linguistic intelligences.

Linguistic knowledge is the primary form of communication

used in.the current thesis as well.

The second component of Larkin and Rainard's (1984)

problem solving model is a set of rules for building

representations of problems. Each rule describes an action

associated with a condition describing when the action is

correct or useful. This second component of the problem

solving model allows an assessment of the consistency of the

problem solver's current knowledge with the conditions set

in the problem. The third component of Larkin and Rainard's

(1984) model involves an interpretation of how the rules

apply to the problem. As new conditions are added to the

problem situation, an interpretive process checks that the

rules still match the conditions set by the problem

represAmtation. A novice problem solver can be guided to

check the validity of steps in the problem representation.

Larkin and Rainard (1984) recommended that the problem

solving model may be useful in expinining what students are

-:1
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doing when there is some confusion or resistance to

instruction. Although the model has been developed usillg

protocols collected in physics and aathismatics, it seems to

provide a general model for examining and comparing

students' talk about problem situations encountered within a

wetland environment.

Students can approach problem situations in different

ways and with different results. Bransford, Sherwood, Vye

and Rieser (1986) suggested that one of the greatest

differences between more and less successful learners is

their relative ability to ,identify problems, to develop and

act on a strategy and to analyze their results. More

successful students, they suggested, are able to revise

their hypotheses and test alternate strategies. Students'

representations of problems presented within the wetland

study and their approaches to solving problems are discussed

in chapter 6.

A third area in which information processing theory can

help provide solutions to problems encountered in science

education research involves exploring ways of facilAating

access to information stored in long term memory. Bransford

et al. (1986) compared methods of accessing information

based on the hypothesis that if students considered

knowledge useful only in the classroom, they would not

recall it as well as if they coulA see applications to their

own lives.
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When college students were) divided into two groups

studying attention, one half studied strategies and

techniques while the other half vas encouraged to think

about lapses of attention (Bransford et al., 1986). Recall

of information was mudh greater in the latter group after

two days, indicating that data which was relate to events

encountered beyond the learning situation could be more

readily accessed than apparently irrelevant information. It

seems reasonable that in order for students to be able to

recall information about science, they must be able to see

its relevance to their lives.

Information processing theories have suggested that

knowledge is organized into structures and categories of

information with links between related concepts. Schema

have been described as one model defining the sense making

process. If new information fits into existing schemata,

then this process of assimilation can provide the learner

with an efficient mechanism for making sense of data.

Posner et al. (1982) have argued that one of the reasons

students can have trouble accepting scientific explanations

is that often scientific understandings are radically

different frow common sense understandings about events.

Assimilation of information into existing schemata may not

be appropriate for all learning in science education. In

the next subsection, some ideas about how students can

accommodate inconsistent information are discussed.
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ArgraimadatimaLAncanaiatent Intanation
In the above discussion, the term assimilation has been

synonymous with the process of developin; schemata in which

now information is added to *lasting conceptual structures.

Sometimes, in bridging the gap between everyday

understanding and scientifi'l understanding, conceptual

structures must be replaced or reorganized (Posner et al.,

1982). The term "accommodation" Llt. used to define the

radical restructuring process. A common concern in science

education research relates to the resistance of students'

ideas to conceptual restructuring. Another problem relates

to the acknowledgement that restructuring can as easily move

a students understanding of events away from a scientific

view as toward it (Osborne et al., 1983; Champagne &

Klopfer, 1984).

Champagne and Klopfer (1984) suggested that information

can be poorly organized both within schemata and between

schemata. Students can demonstrat a confused understanding

about events. Champagne and Klcpfer hava termed such

organizations of knowledge as "naive schemata." Carey

(1986) argued that new schemata and new links between

schemata can be built as new information provides links

between nodes of knowledge. Champagne and Klopfer (1984)

pointed out that often students' naive schemata relating to

scientific principles remain unchallenged by contradictory
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experiences and therefore remain resistant to creating links

between sdhemata. Driver and Dell (1986) noted that, even

if attempts are made to Challenge students' naive

understandings, events can be interpreted by students in

various ways.

Ono promising route to increasing otxidents' criticrl

assessment of their own understanding seems to be to

encourage reflection on consistencies End inconsistencis

within their own thinking. Children are often influenced by

the views of their peers more than by an instructor (Osborne

et al., 1983). The value of sharing ideas with others as

part of children's sense making experiences is discussed in

the next section of the literature 6view.

Rinicting-sm-IntsuantisuLta-aharts-Unsinatanding
Another part of the complex mixture of ingredients for

constructing sk...se and re-constructing to make more sense

seems to be a process of talking about ideas with others and

reflecting on one's knowledge. Several researchers, in

particular Schdn (1988), have studied ways that expects can

reflect on their experiences and how they can use the

xperience to gradually guide a novice toward a greater

level of expertire.

This section of the literature review examines three

features of Schtin's (1988) work which are relevant to the

current thesis --that talking about one's understanding leads
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to vulnerability and confusion, that developing a new

understanding requires a transformation of knowledge, and

that tellingstories can act as a metaphor for transforming

knowledge. Discussion of Sdhon's work leads into an

examination of the work of Bruner and others who are

concerned primarily about constructive learning processes

for children.

Three points from Schft's (1988) work seem to be

particularly relevant to discussior within the current

thesis. First, in reflecting on one's work, there is

vulnerability and confusion. Reflection causes one to

reassess the accepted solutions to problems and to question

inconsistencies. Duckworth (1986) pointed to two reasons

people may resist reflecting on their beliefs and

understandings. First, it is difficult to admit that one

does not understand. Second, adults often assume that

misunderstanding represents a personal weakness. It takes

courage to admit not knowing. Fortunately, children can uLe

play as a passage to understanding. The rol. of play and

language in learning are discussed later in the section.

Schft's (1988) second point relevant to the current

study is his notion that in order to become an expert,

knowledge cannot simply be transferred from expert to novice

but must be transformed. He suggested that ',reflective

transformation* involves a "process of setaphor, carrying a

familiar experience over to a new context, transforming in
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that process both the experience and the new situation"

(Sch6n, 1988, p.25). The ideas seem to be consistent with

information processing theories, suggesting that knowledge

must be reconstructed and new links made between schemata in

order to create net! problem solutions.

In a series of lecture notes presented at (teeense

University, Satin (1984) argued that students often have

trouble following a teacher's instructions because they have

not had enough practical experience to make sense of what

the teacher wants. This need to have touched and

experienced before and while receiving instruction seems to

be part of the process of creating a metaphor that an

individual can use to "reflectively transform" information.

Schön's claim supports Bruner's (1983) view that play is

essential to the sense making process. The concept of

reflectively transforming information through the creation

of metaphors also supports vygotsky's (1978) claim that

language is Wie main tool children use to internalize their

understaroding about experiences. The role of lansuage and

play in children's sense making are discusseC more

thoroughly below.

A third point raised by Sch6n (1988) is the notion that

reflections on observatills are often embodied in a story.

Storytelling, he suggested, provides a metaphor for

transforming knowledge in Aew situations. Storytelling,

along with play, seem to be important tools used by children
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in tl Process of constructing knowledge about a situation.

Bruner's (1983, 1986) ideas about the role of play and

language in learning aro discussed below.

EgnIfftiftHIL-1211-Cllikl=32.1UILLSLIMMIWntilaY

Bruner (1986) began his thoughts about the role of

language in the development of ideas with reference to

Vygotsky's (1978) view that language is a way of sorting out

one's thoughts, while thoughts provide a mode of organizing

perceptien and action. Bruner (1976) argued that in order

for a learner to acquire language and skills there must be a

support system within the child's learning environment. He

suggested that Vygotsky's "Zone of Proximal Development"

(ZPD) could explain the process through which a more

competent person could assist a less competent one to

achieve new understandings.

Bruner (1976) illustrated how a mother can gradually

assist a child to learn new elements of language through a

_blend of two processes. She can provide the child with the

language he cannot use at a particular stage of development

and she can work with the child, allowing him to do things

he could not do without her. Once the child has mastered

one skill, the child's ZPD is shifted and the mother's

expectations are increased. The learner develops as he

responds to challenges set at increasing levels of mastery.
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Another way of viewing the interaction between tutor

and pupil is a model of scaffolding. Greenfield (1984)

defined five characteristics of the scaffold model. It

provides support, it functions as a tool, it extends the

range of the worker, it allows the worker to acccmplish a

task that would not otherwise he possible and it is used

selectively to aid the worker when needed. Models

explaining how the less competent become more competent

through social supperts emphasized the fact that learning is

influenced by the culture, language and beliefs of the

learner's society.

Whether children are learning language skills or

whether they are learning about a wetland, there will be an

interaction between their existing knowledge and their new

sense experiences. Vygotsky (1978) suggested that

children's speech and language are the main tools for

internalizing their sensual experiences. Children's use of

language in making sense of experiences is extremely

important in shaping their knowledge. Bruner (1976) stated

that "the role of language...implies a view.,.about the

symbolic environment and how one is presumed to operate

within it" (p.142).

Symbolism in language can be expressed in a number of

ways. Bruner (1983) discussed the interaction of play,

language and thoullt as a means of growing. Sutton (1980)

argued that the language symbols used in science are often
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thought of as fixed and determined. He suggested that

science students should be encouraged to see meaning as

something which has to grow, encouraging metaphorical

connections between concepts. The idea relates well to

schema theories Lnd the current theoretical view that

knowledge is constructed by creating new links between

thoughts but contradicts Hawkin and Pea's (1987) assertion

that scientific language is distinguishable L; its lack of

metaphors. In the next several paragraphs, the role of

linguistic symbols and of play in the development of

knowledge are discussed. The discussion begins with

reference to Schdon's (1988) argument that stories carry

ideas across barriers and provides a definition for

"metaphor." Language as a cultural barrier is then

discussed, followed by a discussion of how metaphors can be

applied to science education as a tool for encouraging

students to accept scientific principles.

Within the analysis and aiscussion chapters of. the

,Jurrent thesis, students' metaphors are often explored as

linguistic symbols explaining the children's inte.-Ialized

understandings of concepts. Metaphors are often found in

the student's stories and talk surrounding play. As Schi5n

(1988) has noted, the term "metaphor" derives from a Greek

term, "metapherein," meaning tJ tarry across. Beck (19781

argued that a metaphor illuminates parallel elements of

concrete images in order to formulate more abstract
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relationships between relevant sets of characteristics.

Furthermore, a metaphor is a means -...trouca which sensory

experiences can be organized to fit verbal codes. Since

verbal codes ars limited by language, metaphorical images

must also be tied to cultural uses of language (Lakoff &

Johnson, 1980).

The role of language in defining cultural differences

has been outlined by Pascale and Athos (1981) as a

consideration for American businesses hoping to compete in

Japanese markets. The Japanese language allows for the

omission of verbs from sentences, which procbAces a great

deal more ambiguity within statements than does the English

language. The Japanese are trained to pay attention to the

space around them, recognizing that the hollows left inside

jars, or the holes in walls for windows and doors, help us

by what is not there, to use what is there (Pascale & Athos,

1981, pp.142 -143). It is relatively easy to recognize the

linguistic cultural differences between Japan and North

America. It may not be quite so easy to define the cultural

differences between everyday perceptions and scientific

perceptions of events.

The cultural gap between common sense and scientific

explanations for events has been discussed above. Bridges

between the cultures have been consideied, such as learning

to recognize and overcome critical bareers (Hawkins, 1978).

Lakoff and Johnson (1980) suggested that the acceptability

4 4



3 6

of scientific theories rests in part on how well the

metaphors used to define the theory fit the students' own

experiences. Students' resistance to accepting scientific

principles may in part be due to the effects of everyday

culture on their language development.

Snively (1987) has demonstrated that using

children's everyday metaphors to describe features of the

ocean environment can increase students' interest in and

understanding of ecological relationships. Snively (1987)

suggested that using metaphors in instruction can lead to

whole systems of related concepts. Students in her study

used metaphors to construct meaning. One result, Snively

suggested, was that students can learn to recognize that

scientific meanings al'e flexible. Snively included in her

paper part of a transcript in which students in a grade six

classroom were using a spaceship metaphor to discuss the

life supports of a sea urchir. The students' interest was

maintained by the novel metaphor, and there was an element

of play in their language.

Play is an extremely important element in the lives of

children. Bruner (1983) argued that play serves a range of

roles in students' construction of knowledge. Since it is

considered to be fun, the consequences of error are lower in

play than in tasks. Children can change the rules of their

play as it progrosses. Larkin and Rainard (1984) suggested

that a good problem solving model sets rules for testing
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parts of a problem. 7f new components are added to the

problem, new rules may be needed. Similarly, in play,

children can add new rules if they are required. It would

seem that play provides an opportunity to test problem

solving strategies.

Play is an activity most often done with other people.

There is, therefore, an interaction between different

perceptions and understandings of the same situation.

Because play is non-threatening, it can be used as a place

to test out concepts that are, in fact, beyond the child's

current abilities. Children can test the limits of their

own development through play. One last and rather

interesting observation made by Bruner (1983) about play was

that when an adult involved a group of children in a high

level intellectual activity, their play became richer and

vnre elaborated than when children played only on their own.

Elements o2 play found in the students talk during the

wetland study are discussed within the analysis chapters and

in chapter 6.

Qualitative Methodoloay

The final section of the literature review considers my

choice of & qualitative reslarch study. Some considerations

to be taken while doing a qualitative study are discussed.

The section ends with discussion of some influences on the

design of the curriculum for the wetland unit.
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The decision to conduct a qualitative research study as

opposed to a quantitatirie study was based on a number of

factors. The most important considerations were related to

the perspective I wanted to use to examine the problem.
A

Since I wanted to be involved in a short term teaching unit

and to examine students' understanding within the context of

the unit, it was clearly a contextually Wised study.

Kilbourn (1980b) discussed characteristics of an

ethnographic paradigm for research in classrooms. Iu an

ethnographic study, the context in v, 'A:ft events take place

is important, including contextual features such as

intentions and motivations of teachers and students. There

is not a rigid distinction between the observer and the

observed. In the current study, I acted as a participant-

observer. my greatest personal goal in conducting the

research and in later analyzing and discussing the data was

to construct understanding about the dynamics of a teaching

unit in a way I had not been able to achieve within my

regular teaching. The decision to conduct a qualitative

study was clear.

Experts in the field of qualitative research (Bogdan &

Biklen, 1982; Miles & Huberman, 1984; Mathison, 1988) agree

that extensive field notes are essential to the success of

qualitative research. Bogdan and Biklen (1982) recommended

keeping notes of observations to provide portraits of the

subjects, description of the setting and of the activities

47



39

observed tad notes on the observer's own behaviour. They

also recommended writing reflections on the analysis, on the

method, on conflicts encountered during the study, and on

the observer's frame of mind. The recommendations may seem

trivial to a more experienced researcher, but they are worth

mentioning here because they guided my nottskeeping. my

success in collecting date as a participant-observer will be

discussed within chapter 6.

Miles and Huberman (1984) argued that qualitative

researchers have a set of assumptions, decision rules and

criteria for assessing data but that these remain mostly

implicit. The researcher's decisions about how to reduce

the data and to display it can present a different

impression of the observed situation.

How can different images be brought together to

construct a plausible explanation about the phenomena being

studied? Mathison (1988) suggested that triangulation can

provide evidence to help the researcher make sense out of a

confusing web of information. Triangulation can be of three

types. For data triangulation, data can be collected over a

period of time, for investigator triangulation, several

observers can collect data about the same situation and for

methodological triangulation, multiple methods can be used

for collecting data.

One purpose for using triangulation in qualitative

research is to increase the internal validity of the study.
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Internal validity refers to the extent to which observations

are authentic representations of some reality (Goetz &

LeCompte, 1984). External validity refers to how well the

representations can be compared across groups. Due to their

nature, qualitative research studies often have limited

external validity.

7luances on the Design of the Study

Two types of influences on the current thesis are

defined in thiu part. The first aro influences on my ideas

about how to present curriculum during the unit. The second

are science education research studies which influenced the

design of the thesis.

During the summer of 1989 David Hawkins presented a

summer course at Queen's on science education. I attended

several of the ler:tures and was struck by the nuMber of

opportunities he found to have us estimate the size and

scale of thing3 like soap bubbles, and leaves on trees. I

felt that these problems About things I had always taken for

granted could provide fascinating stimuli for the students I

was working with at the time on the wetland study. I

presented tho students with problems similar to the ones

that David Hawkins was presenting to his class but centred

on the environment the students were studying.

There is no good rationale for having added the

problems. I acted as I would in any teaching situation with
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students. When a great idea comes to me, I want to test it

out for myself as quickly as I can. I had a group of

students to work with in July in 4n appropriate setting.

Within the culture of teachers, new ideas from workshops are

often put into practice as quickly after having experienced

them as possible. There has not always been time to reflect

on the material before presenting it to others but students'

responses to materials can be considered for many teachers

an essential step in the process of assimilating new

information.

Several research studies influenced the design of the

thesis. There are very few qualitative studies which have

observed students and recorded their ta:k throughout a unit

of study. Aguirre and Kuhn (1987) observed students

throughout a one month study on nuclear energy but their

primary concern was to analyse the teaching characteristics

that can improve student learning. Bloom (in press)

interviewed children as they examined earthworms. He used

the unfamiliar situation to explore how children construct

meaning but interviewed each student only once. The current

study uses the relative:: unfamiliar situation of exploring

wetland to Imquire how students make sense of unfamiliar

concepts throughout aa entire unit of study.

A few studies in science education research have used a

range of methods to crolect data but many have focussed on

just one method. Aguirre and Kuhn (1987) weze able to
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&Reese the success of students' learning by incorporating a

number of data collecting methods within the observed unit

of study. Bloom (1990) used several methods to examine how

students construct meaning. He described the value of

context maps and of visual metaphors as methods for

revealing students' understanding about the world. In the

current study, neither of these methods was used but Bloom's

(1990) analysis of how students construct knowledge was

influential in my considerations of how to organize the

analysis in the current study.

Two studies which used one method to collect data about

students were influential in the design of the wetland

study. Snively (1983) used a metaphor interview to

determine students' orientations towards the seashore. She

asked students to complete statements such as "the lake ib

like a ..." with a choice of five metaphors, Students'

explanations for tile choice of metaphor were analyzed to

determine how the students felt about the seashore and what

they understood about it. Snively (1983) used the metaphor

interviews to design a unit of study about the seashore

incorporating metaphors selected by the students as a way of

making strange concepts more familiar to the students. I

used the metaphor interview technique near the end of the

wetland unit to see what would be revealed by the students

when they were asked to respond to ideas that dhanged the
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lake setting from something that had become familiar to then

to something strange.

Gilbert, Watts and Osborne (1985) used a different type

of interview technique !ram Snively (1983). Using an

Interview-About-Instances (described above), students were

encouraged to explain their answers to questions about

physical principles. Transcripts from Interviews-About-

Instances (IA1) were used to determiue how students' use of

certain words affected their concepts about physical

phenomena (Gilbert et al., 1982).

Gilbert et al.'s (1W.5) interview technique was not

used directly in the current stud/ because it was felt that

students' ideas about concepts being examined in an

environmental study could not be appropriately reduced to

questions answerable with "yes" or "no." The IAI method did

influence one part of the design of the current study.

Within the initial interview and the final interview,

students were shown a series of pictures about wetlands and

were asked to answer simple questions about the pictures to

determine what they understood about wetlanda at the start

of the unit and to make comparisons at the end of the unit.

The literature review has outlined several theoretical

perspectives that are considered to be important in

developing a framework for the current thesis. The next

chapter describes the setting for the study, th e. selection

of students, the curriculum and the data collecting methods.
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CHAPTER 3

DEFINING THE DATA COLLECTION AND ANALYSIS PROCEDURES

931WDIALAILS2Nititin

This chapter consists of four sections. The first

section describes the setting, the selection of the students

and an outline of the daily program provided by me as the

instructor and researcher. The second section describes all

but one typo of data collected during the study. Since

individual interviews provided a Urge amount of the data

used for the analysis, they have been discussed separately

in the third section of the chapter. The fourth section

descr.gass how the analytical framework for the thesis

developed from preliminary examination of the data.

Characteristics of each student are described at the

beginning of the next chapter, the first chapter of the data

analysis.

The most valuable data collected during the study is on

audio tapes. Most of the students' comments recorded during

the unit have been transcribed. Three tape recorders were

used for recording large and small group sessions with the

students. During the two week unit I provided the students

with an inctNising number of ideas about how to examine

water samples but the main task--examining samples of water

taken from a wetland area--remained the same. In addition

to the group nessions, eacn student was interviewed three
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times as part of the study. The interviews were all

recorded. Other methods mod collecting data included

drawings and handouts created by the instructor.

Initruati
The city in which the study was conducted has a summer

camp program situated on an island withir the Aty limits.

Permission to involve students !vim the summer camp program

was obtained from the camp administrator based on tpproval

of a research summary proposal (Appendix A). The island

used for the camp program lies near jle mouth of a wide

river leading into Lake Ontario. The island is cut off from

the mainland by a na&row band of stagnant water. Around the

island are a variety of marshy and swaicpy shores. INe main

campsite was near a particularly accessible area of marshy

water, protected from the rougher water of the river by a

bay filled with reeds and Lay pads. It became the site for

sampling throughout the two week camp.

Within the first few days the students were able to

find the last dragonfly nymphs of late spring and to collect

young catfish. By the end of the second week of camp hot

July temperatures had increased the coliform count in the

water to a level causing beach closure.

The coup was open to children from across the city.

They came from areas with many r ..!essional families and

from areas with single parent, subsidized housing. The camp
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was organized into several two week sessions throughout the

summer. The first session was the one used for the wetland

study.

The camp held a canoeing programme that allowed several

of the students to observe the protected bay,s waters from a

different perspective. The researcher made one canoe trip

with three of the students. Several students referred to

their observations made while canoeing during interviews

with me.

One camp activity in particular had a direct effect on

the quality of student data produced. There was an

overnight stay on the Wednesday of the second week. The

students were excited and distracted on the Wednesday of the

camp-out and exhausted on the Thursday following it.

Wednesday was reserved as an individual interview day and

Thursday was taken up by active games for half the time and

only a twenty minute sampling time to accommodate the

students' lack of ability to concentrate. The stylents met

as a group cdth the researcher for thirty to forty ive

minutes for nine days during the two week camp.

Selection of Students

The students in the wetland study were all between the

ages of ten and eleven. An invitation to participate in the

study was originally given to all camp participants betyeen

the ages of ten and twelve. A letter summarizing the
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purpose of the study and asking for permission was sent to

all families registering their children in the ten to twelve

year old group (Appendix B). All children for whom a

signed permission form was returned were invited to be in

the study.

On the first day of camp the coy .11ors broke the ten

to twelve year old group into two sections, divided by age.

The children signed up for the wetland study were therefore

divided between the two groups. Two of the children who

were originally signed up for the study did not want to

participate. Both of these children were in the section

containing the older children. A ten year old girl not

previously enrolled asked to be allowed to participate in

the study. Nine children were interviewed individually on

the first day. Five of these were from the younger group,

four from the older group.

By the time the students met on the second day, a lot

of group building had already occurred. All Ilut one of the

children from the older group decided on the second day that

they would rather not be in the study. The remaining group

of six therefore consisted of five children from the younger

group and one, Diane, from the older group. Once the group

was established it consisted of three girls and three boys.

The girls have been given pseudonyms beginning with the

letter "D", while the boys have been given names beginning
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with "S". The students are referred to throughout the

analysis as Stan, Scott, Steve, Diane, Denise and Dana.

Effects of the Teacher as Researchet

The group dynamics were affected not only by the

students but also '11, me as the teacher and researcher. How

they behaved and what they revealed depended to a great

extent on what they thought I wanted to hear as a researcher

and how comfortable they felt with my style as an

instructor.

As an instructor, I wanted to provi4e a casual setting

that would not be equated with a classroom unit of study.

This seemed to be particularly important because the camp

provided fast paced games in which the children enjoyed

participating. I felt for the first few days that my study

had to be equally entertaining to maintain the interest of

the children. By the fourth day the students in the group

were willing to concentrate longer and more intensely (In

examining water samples.

I had available nature magazines and an assortment of

illustrated texts about the environment but I specifically

focussed the students' attention on illustrations from only

one nature magazine (Ontario Federation of Naturalists,

1979). Although several students quickly flipped through

the texts I had provided, they did not refer to them as a

guide during their observations of samples.
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Several typos of magnifiers and sample collecting tools

such as eye droppers, beaters, pstri dishes, insect nets,

jars and buckets were provided during the sension. The

students seemed to enjoy experimenting with the equipment.

Each day a new activity or a new piece of equipment was

added. The sessions, which were all 30 to 45 minutes long,

were set up to begin ,ith a five minute regrouping to

discuss what had happened the previous day, to present an

overview of the day's events and to introduce any new

activities. The grcup meeting was often followed by a game.

The remaining 20 to 30 minutes was spent collecting,

observing and talking about water samples in pairs or as a

whole group. I arbitrarily set the pairs eadh day because I

wanted to see how certain pairs of students would interact.

Sometimes they worked together happily. Sometimes the tapes

recorded 30 minutes of near silence.

Features Qf the Curriculum

Incorporated into the daily activities were a number of

experiments and games. Each of these activities was

included to stimulate students' thinking about several broad

issues related to the wetland environment. An instructional

activity which presents students with concepts related to

the unit of study but introducing concepts at a level beyond

which they are presently able to grasp has been found to

encourage students to think at a higher level (Joyce & Weil,
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1980. "Advance organizer" is the term used to define these

teaching tools (Ausubel, Novak & Hanesian, 1978). The

experiments and games were used as instructic-al tools

rather than as data collecting tools. They --e not

specifically dealt with in the analysis although mention of

some of the games and experiments is encountered in the

students' talk.

The greatest influences on the design of the curriculum

were my own notes from previous teaching experiences and

notes from lectures with David Hawkins at Queen's University

in July, 1989. David Hawkins discussed at length the

repercussions to all areas of science education when

students cannot grasp fundamental principles of size and

shape. In a wetland environment, studenta' inability to

grasp concepts of size and shape can be reflected, for

example, in their lack of c*ncern about how organisms can

survive in an aqueous environment. The games and

experiments were planned to encourage students to think

abstractly about the wetland as they examined concrete

information and samples.

Three types of games were played during the unit. Theb

one that was used most often and was most popular with the

students was a wetland version of the game "Survival."

Students were selected to play either planta, animals,

microbes, man or pollution. The students were given several

pieces of paper to represent 1iv2s, with the number of lives
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roughly representative of the number of each type of

organism existing in the wetland environment. If they were

caught, they had to give up a life. If they were caught by

a microbe, they exchanged lives, representing the principle

of symbiosis. Pollution was released late in the game but

was given power to destroy everything it touched.

Out of the Survival game derived "Wetland Hide and

Seek." One of the students constantly eluded the others in

the Survival game. He offered to share with them the

secrets of his success- -staying low, camouflaging himself by

careful hiding, and leaving shelter only after he had

ensured there were no predators. After playing "Wetland

Hide and Seek," the students' performance in "Survival"

improved.

Tne third game eiL2hasized a concept related to size and

shape. On the seventh day of the unit, pairs of students

were handed scissors and a letter sized sheet of paper.

They were asked to create a piece of paper that could make a

circle encompassing two trees. The purpose of the vIme was

to introduce the students to the concept that careful design

can increase surface area without increasing volume.

Three experiments ere introduced to the students

during the wetland unit. The first demonstrated different

properties of air bubbles in a full and a half full jar, to

illustrate how air Y.ecomes distributed in water. The second

experiment gave students an opportunity to con the
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population density in the marshy bay. During two individual

interviews the students were invited to count the number of

organisms they could see in a lOmL water sample and to then

estimate ...the number of organisms in a 1L sample, which was

the amount of water usually collected in the sampling

buckets. They were then asked to extrapolate, guessing the

number of organisms that could live in the sheltered bay

from which they collected samples.

The third experiment was taken directly from a lecture

with David Hawkins. As a way of observing that surface area

can increase without changing volume; one drop of green food

dye was added to a 1L jar of still water. Several students

wanted to repeat the experiment, or to try modifications of

it. Within the transcripts are several references to the

experiment but they are not discussed in the analysis.

Types of Data Collected

One purpose of the study was to use a variety of data

collecting techniques in order to provide information about

which strategies were most effective for generating data

during a short, instructor led research study. Methods used

for collecting data consisted of drawings, completion of

teacher created handouts, field notes, audio tapes of all

water sampling sessions, three tape recorded individual

interviews with each student and transcripts.



Several methods were used during tti interviews to

obtain information from the students. First, students were

shown pictures of wetlands and wetland species and asked to

answer questions about the pictures. The pictures were

shown in the first and in the third interviews.

Reproductions of the pictures are included in Appendix C.

In the second interview, the students were asked to complete

metaphorical statements such as "the lake is like a..." from

a selection of five words offered to complete each statement

(Appendix D). In all three interviews the students were

asked to taik about their understanding of the wetland area

by examining and talking about freshly collected and bottled

water samples. From the second to the sixth days, students

were encouraged to collect samples for bottling and

cbserving later.

All of the 4ata collecting techniques are described

below. Information about the individual interviews is

discussed in the third section of the chapter. The value of

each data collecting method as a tool for eliciting

students' understanding will be discussed in chapter 6,

providing a basis for assessing the value of the data

provided by each method.

Drawings

A preliminary wetlands study involving six grade five

students indicated that students' ideas about a wetland can
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bo succinctly disclosed by having them depict life in a

wetland through art. In the preliminary study, the students

were given 20 minutes to create a three colour drawing in a

quiet classroom. The preliminary study was conducted under

different conditions from the current study. It will not be

discussed within the current study.

Wring the summer the students had to work outside on

windy days using large hard covered books as their desks.

In addition, the marshy bay lay behind them as they worked

and they were anxious to finish their drawings so that they

could get on with sampling the water.

The students were asked to make six drawings throughout

the wetland unit. On the first and on the ninth day the

students were asked to explain life in a wetland using a

combination of images and words. They were asked once more

to depict life in a wetland at the beginning of the follow-

up interview 4 weeks after the session was completed. The

other three drawings could be of any organism they had

observed on days 3, 6 and 9.

Teacher Created Handouts

In order to give the students an opportunity to express

their ideas on paper, I created two handouts for them. The

first was presented to them on the second day of the study

while the other one was given on the third day. Since the

students did not appear to be interested in writing and paid

63



55

little attention to the handouts they were not used after

the third day.

The first handout (Appendix E) asked students to

provide information about their personal interests. They

were also given space to describe one new thing they had

learned about the camp environment and to write their ideas

about the bubble experiment described above.

The second handout (Appendix F) asked students to draw

a specimen after they had observed it carefully. They were

asked to focus on its movemert and on its gross anatomy.

After drawing it, they were asked to list three words

describing the specimen. All of the students drew a sample

but none wrote descriptive words so on subsequent days,

students were given blank paper to complete their drawings.

Field Notes

Prior to beginning the unit, I had created an ambitious

curriculum outlining each day's activities and the data

collecting methods I intended to use (Appendix G). My field

notes were used as both a teacher's diary and as a

researcher's diary in the sense that they contained notes

both about revisions of the curriculum and notes about the

students as subjects. One day's notes are included as

Appendix H to illustrate the types of field notes collected

during the study.
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On the fourth day of the session, a graduate student

offered to take field notes in order to practice her skills

as an observer for a course on qualitative research in

education. Her notes are included in Appendix /1 as a

contrast and comparison to my notes taken as a participant -

observer on the same day (1ppendix H). The second observer

provided an element of investigator triangulation to the

data. Similarities and differences between the paricipant-

observer and the observer's notes are discussed in chapter

6. The discussion examines whether or not field notes taken

from a different perspective increased the internal validity

of the study.

Tare _Recordings

Tape recorded sessions were felt to be an essential

data collecting technique. First of all, the data provided

by tape recordings cannot be disputed since they record

accurately what has been said. Second, tape recording

allows the reseal4her to reflect on what has been said once

all of the data has been collected. Third, tapes can be

transcribed, allowing the researcher to analyze students'

talk,

Fresh batteries were used in all of the tape recorders

each day to avoid technical problems. It was expected that

the students would feel uncomfortable and self-conscious

about being recorded for the first few days. The tape
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recorders were used as frequently as possible to allow the

students to become comfortable with their presence. All

individual sessions with students were also recorded.

Procedures used during the Interviews are discussed below.

Individual Interviews

Several strategies were used during the interviews to

draw information from the students. Each child had three

individual interviews lasting from ten minutes to one hour.

The length of the interview depended both on the number of

questions being faked by the researcher and on the student's

willingness to converse. The interviews tended to get

longer as the students became sore familiar with the

researcher and were more willing to talk about their ideas

and their observations. The first two interviews were

conducted on the first and on the seventh days of the nine-

day camp session. Each child was interviewed for a third

time 4 weeks after the session had been completed. Two of

the students were at the campsite for an extra session and

were interviewed there. The remaining four students were

interviewed at their homes.

As part of one or more interviews, students were asked

to answer questions relating to pictures about wetlands,

they were asked to orally complete metaphorical statements

such as "a lake is like a..." and they were asked a number

of questions about freshly collected and bottled samples to
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keep them t lking about water samples they were examining.

The questions c d with each interview. They were used

to ncourage the students to talk more about their thoughts

as they played with the water sampler. Each strategy will

be discussed separately below.

Questions based on Pictures about Wetlands

After being asked to depict life in a wetland on the

first day of the wetland unit, the students were asked to

look at several sets of pictures and to answer questions

about each. All of the photographs were shown from one

magazine (Ontario Federation of Naturalists, 1979). The

first set of pictures were presented as a collage, with

shots of a blue heron, a frog and marsh marigolds set to the

side of a sunset photograph of a marsh. The students were

asked to comment on how the four pictures could be related

to one another. Students were shown the collage of

photographs again at the beginning of the third interview.

The second set of pictures were arranged to symbolize

the caption above them, "Battle for Wetlands." In the

centre of the photograph was a judge's gavel, separating

toy bulldozer from a robin's nest on a branch. The title of

the photograph was hidden from the students while they were

asked to comment on what they thought the image meant. The

question was asked to determine the students' itwareness of

environmental issues. It was felt that knowing what the
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students underctood about the loss of wetlands might

influence their understanding about wetlands or their

approach to the wetland study. Students yore only shown lhe

"Battle for Wittlands" photograph during the first Interview.

The third set of photographs was of four water

organisms. Students were asked questions about the

pictures, depicting in turn a fishing spider, a fairy

shrimp, a backswimmer and a water tiger. Fairy shrimp were

present in the bay at the time of the initial interview.

Although nem were other reasons for asking questions about

the four photographs, the main purpose was to ask the

students if they thought that fairy shrimp could live in the

bay. I wantet.:1 to know if tb 4. students would be surprised to

discover that shrimp can live in fresh water.

There were other purposes for asking the questions.

The water tiger and the backswimme*: were both hanging just

beneath the water surface. I wanted to know if any of the

students had observed water organisms hanging from the

5urface of watcr. If they had, it would indicate first that

they had spent some time previously examining water

organisms and second that they were willing to see that tiny

organisms can cling to the surface of water without breaking

it. Such an understanding would contradict most children's

experience with water, that it is a substance incapable of

supporting weight.
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The students were asked if they thought the fishing

spider could catch fish. The reason for the question was to

determine if the students would agres that a tiny organism

was likely to catch and eat a much larger one, and how the

students would make sense of the spider's name. There were

clues to its name in the photograph. Its long probiscus was

silhouetted against a reed. During the third interview the

students were again shown the photographs of the water

organisms, but at that point were only asked to comment on

whether or not they had seen any of them.

Creating a Metaphor about the Lake

Since the wetland study was intended to be a study by a

teacher of a group of students in as natural a learning

setting as possible, it was felt that enormous amounts of

data could be collected and be exceedingly difficult to

analyze. Snively (1983) had developed a series of questions

grouped to create a "metaphor interview" to ascertain

students' beliefs about and orientations toward the ea. By

giving grade six students a choice of metaphors to describe

the sea and its attributes, Snively suggested that it was

possible to interpret children's understanding about the

ocean. It was felt that a modified, shortened version of

Snivaly's (1983) metaphor interview might provide clues in

the current study to students' understandings about the lake

to which the marshy bay was attached. During the second
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interview, ten questions welAt asked of ech student using

the m -ified metaphor interview (Appendix D).

Each student was askod the question "a lake is

a..." four times. Each tiny they were given a choice of

five different words to complete the sentence. Aftc :hey

had made each choice they were asked to explain the

selection. The next three questions asked the students to

compare the sun, lake water and mud each to one of five

possible metaphors. All possible choices are listed in

Appendix D. The last three questions asked the students to

complete the phrase "I am to the lake as ..." One set of

possible statements to complete the sentence was "I am to

the lake as....the lock is to a necklace; or a bead is to a

necklace; or string is to a necklace." Students' talk about

their choices was recorded and examined as part of the

interview transcript.

Questions abo t Water Samples

Since the main task presented to the students during

the wetland unit was to examine water samples, a large part

of each interview was devoted to examination and discussion

about samples. In order to encourage student talk about the

samples, a number of questions were presented to them during

each interview.

During the initial interview, students were simply

asked to look at a sample of water collected in a shallow

1
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bucket. Water sampling tools were always available to the

students, including buckets, basters, jars, sampling dishes

and a magnifying glass. After they had had several

opportunities to examine water samples and to collect and

bottle samples, students were asked on the seventh day of

the session to examine samples during a second individual

interview.

Three main questions were asked of the students as they

werr examining the water samples during the second

interview. First, they were asked to comment on anything

they found in the water rample that was new to them or

seemed unusual. A number of questions about their

observations arose from student comments. The questions

related to topics such as how the child thought tiny water

organisms might eat, how they could move, how long they

might live and how they could survive in the well populated

bay. Second, each student was asked to examine one bottled

sample and to comment on how it was changing and what might

be living in the specimen jar. The final question asked of

all the students required them to extrapolate from the

sample they were examining by estimating the number of

organisms collected in a smel sampling jar and from that to

guess the number of organisms that they thought could be

living in the marshy bay.

Throughout the unit the students talked about

"pollution" in the water. I wanted to know more about what
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the students understood about water pollution. During the

final interview when they were examining a water sample I

asked them first to comment on anything that was new or

unusual to them in the sample, then rsked them whether they

though:. there was pollution in the water they were sampling.

asked them to talk about pollution in the lake. Again,

(Aestions about the samples stemmed from the students' talk

about the samples. They were all asked to comment again on

bottled samples and to speculate on the number of organisms

that could live in the marshy bay that they had been

observing. The three main questions were the same in the

second and third interviews in order to allow comparisons

between the students' answers.

In total, five methods--drawings, handouts, field

notes, tapes and transcriptions from tapes, and individual

interviews--were used to collect data during the wetland

study. Several patterns of students' understanding emerged

during the session. These are described and discussed in

chapter 4, which analyzes students' understandings about

wetlands based on categories of ideas. How the analysis

developed is described below.

Development of the Aralysis

Prior to collecting the data, several suggestions about

how to analyze it had been discussed with my supervisor,

members of my thesis committee and other interested graduate
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stndents. Only after the tape recordings had been

transcribed did it become clear that there were patterns of

ttoughts emerging from the data that could be used to

discuss students' ideas about the wetland.

In order to clarify what patterns were emerging, I

began by linking students' ideas that seemed to express

similar ideas, then I began listing several possible

categories of ideas. As I shared these ideas with others,

the framework for the analysis became progressively clearer.

Four main types of ideas seemed to be expressed--strongly

held ideas, ideas changed readily by observation, developing

ideas, and confusing or contradiccory ideas. These

categories of ideas illustrate features of schema theory.

Schema _heory suggests that students can have clear

links between pieces of knowledge held mentally in schemata

(Champagne & Klopfer, 1984; Carey, 1986). S lral

researchers (Vygotsky, 1978; Ausubel, Novak & Hanesian,

1978; Osborne & Wittrock, 1993) have suggested that students

draw on their existing knowledge and on language to help

them make sense of new information. If students' ideas are

not clearly developed or linked to rther ideas in a stable

network of knowledge, then it may be difficult for them to

recall pertinent knowledge for sorting new thoughts

(Champagne & Klopfer, 1984).

As the data analysis was emergilig for the current

study, it became clear that some ideas were agreed upon by
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all the students, such as that there was pollution in the

water. These were termed "strongly held ideas." The

category of "developing ideas" illustrates that there are

levels of knowing about the wetland environment. This

category reveals that students with greater experience

related to a situation can recall knowledge and make sense

of new information more readily than can students with less

related experience. "Ideas changed readily by observation"

refers to a few ideas that changed when students could see

that their ideas were not supported by evidence in the

wetland environment. The final category, termed

"contradictory confusing ideas" provides some of the

most Waresting evidence to suggest that students do

always link knowledge in ways that are expected by an

instructor. The categories are discussed and developed with

examples from the transcripts, forming the framework for

chapter 4.

A second level of analysis emerged from work on

categorizing stuatlics' ideas. As the students worked, it

became clear that they played with materials a lot and that

as they talked about their ideas, they were working out

their understanding. Their understandings about the wetland

environment differed from one another. Dana and Stan

provided the greatest contrast between students in the

group. The contrast, based on an examination of the

transcripts, is developed as an examination of two different

'7 1$
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problem solving approaches. Transcripts from Gana's talk

were written on a large sheet of paper to help me make sense

of what she was saying. I created a code to help zte see how

she was using language to help her make sense of her

thoughts and how sh,t was recalling ideas from one session to

the next. The second level of analysis emerged as a

comparison of how one student used the features of

srAentific investigation--hypothesizing, comparing,

observing--while another student used metaphors and stories

to make sense of the environment. The second level of the

analysis creates the framework for chapter 5.

Chapter 6 summarizes the study, discusses the findings

and assesses the value of each of the data collecting

methods as a means of encouraging students to reveal their

understanding about the wetland environment.
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CHAPTER 4

PATTERNS OF STUDENTS' IDEAS

FiretarfLAUSgtillairsidintleVad2resantia%

The first level of the analysis outlines four

categories of ideas based on students' talk about concepts

related to wetlands. "Strongly he'd ideas" refers to ideas

generally agreed upon bI all of the students. "Developing

ideas" refers to concepts that seemed to be related to the

students' previous experience exploring wetlands. "Ideas

altered by observation" refers to ideas that seemed to

change readily when evidence challenged students' beliefs.

A fourth category of ideas examines students' contradictory

or confusing statements relating to wetlands.

The four categories of ideas are used to explore what

factors affect students' understanding. They are discussed

in chapter 4 after an introduction to each students'

character. The students are introduced individually but the

introductions are organized to highlight pairs of students.

Three pairs seemed to develor within the group. The

students did not begin to be thought of as distinct pairs by

me, however, until a plan for the analysis had developed

after ctdmpletion of the wetland unit. Scott and Stan had

the greatest amount of prior experience exploring marshes

and they often had ideas about the wetland not expressed by

the other students. Diane and Steve both seemed to have a

76
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lot of general knowledge that they were able to apply to the

unfamiliar experience of exploring a wetland. Dana and

Denise seemed to have less general knowledge than Diane or

Steve that they were able to apply to their explorations of

a wetland.

Throughout the analysis, there are clues in the

students' talk about how they made sense of unfamiliar

material and how they solved problems. This information

will not be dealt with in the current chapter but will form

the basis for the second chapter of the analysis, chapter 5.

Dana revealed a great deal of information to me during

individual ihterviews. Dana's revelations about her

understanding of the wetland were particularly interesting

because at one level they often seemed to be confusing and

often contradictory while at another level, there seemed to

be a logical sense making process. In chapter 5, Dana's

sense making activities will be discussed and compared with

Stan's respnnses. Comparisons and contrasts between Stan

and Dana suggest interesting similarities aad differences in

the approaches to problem solving used by two students

examining the same environment from different perspectives.

Characteristics of1 the_Students

The students are introduced individually but their

profiles have been arranged in pairs. Stan and Scott are

1"1"1



69

introduced first, then Diane and Steve, ending with Denise

and Dana.

Stan clearly had previous knowledge about wetlands and

had a vocabulary appropriate for discussing his knowledge.

He was seen by the other students to be an invaluable

resource. He offered guidoince to Scott and als to Steve.

When he was working with either of the other boys Stan

revealed his knowledge about wetlands very clearly. He was

never partnered with Denise or Diane, but when he worked

with Dana, neither one spoke for 20 minutes. Stan did not

seem to enjoy the individual interviews and spoke very

little a. Ang

Scott was a quiet boy who had a great deal of practical

experience In observing water samples and water organisms

based on his explorations of marshy waters near his family's

cottage. He spoke much less than Stan and did not seem to

have developed a vocabulary to describe his observations. He

enjoyed collecting samples and spent much of his time

finding interesting specimens. He was not as enthusiastic

about examining the samples he had collected. His answers

to questions were often terse but clear. Scott fremed to be

willing to take orders from the other boys in the group, to

collect samples for them, or to engage in tasks other than

examining and talking about samp),s.

Diane was involved with the other children in the

wetland group only during the 30 to 45 minute sessions they
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spent together with me each day. Diane was a tidy, co-

operative girl who enjoyed playing games designed for the

wetland unit. She did not seem to enjoy collecting samples

from the water and often did not spend much time examining

the samples that had bean collected. Diane expressed great

concern about the welfare of the samples and seemed to

relate personally to some organisms. She followed

instructions clearly and completed tasks to the extent that

she thought was expected, as indicated by a coament to Steve

after concentrating for fifteen minutes on examining and

talking about a water sample, "would you say we're

finished?" She worked with a partner, especially when she

was working with Steve. Neither of them enjoyed touching

the samples, which may in part explain their camaraderie.

Stave was a small, neat and articulate boy. He was

quick to eler comments and to get involved in the

activities presented. He often gave orders to other members

of the group, particularly to Scott. Steve seemed to be

aware of the impression he was making on tape, and seemed to

be trying to meet adult expectations. He often began

interviews with me using polite, literate statements. On

day six, he began a tape with "okay, now we're going to be

looking at some, um, some water samples, of Stan is going

to, gat a sample." Once he became engaged in an activity,

forriPtting the tape recorders and the adult, Steve would

eliminate the commentary. He seemed to move off task
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frequently, becoming more interested in the equipment

provided for sampling than in examining the water samples

themselves.

Denise was not originally signed up for the study but

she was adamant on the first day that she would like to be

in the group. Her interest in studying wetlands seemed to

spring from a recently completed school project studying

daphnia. She was eager and always volunteered to help out.

She seemed much younger than Diane or Steve and less

knowledgeable than Scott or Stan. For the first few days,

she stayed very close to me. After that, she spent as much

of her time with Diane and as little time with Dana as

possible. Denise often talked about the "work" to be

completed, suggesting that she interpreted the tasks

presented as obligations to be completed by the students.

Dana stood out physically from the other members of the

group. She had an awkward gait and spindly legs which

prevented her from moving as agilely as most ten year olds.

I suspected that she had cerebral palsy, which was later

confirmed. She was clumsy, which led to several sarcastic

comments from Denise. The most striking feature about Dana

was her difficulty in speaking concisely and directly. She

would often talk around an idea, using a lot of "like" and

"um"s. Sy the time she finally arrived at the core of the

idea, she had often lost the listener or her train of

thought. In spite of the difficulty, when she felt

SO
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acceptance, she talked freely. Her understanding amout the

world began to be revealed through the tapes and provided a

particularly interesting xample of how one child pulled

together her idles about concepts over a 6 week period, from

the beginning col the wetland unit to the end of the follow-

up interview.

Categories of Student Ideas

During the two-week wetland unit and follow-up

interviews, several concepts were discussed by the students.

Some of the ideas which were discussed arose because of

questions presented by the interviewer. Other ideas were

brought up by the children.

The isJue most often introduued by the students

involved their thoughts about pollution in the water.

Although it became clear that the students had strong views

about the presence of pollution it became equally clear that

their understandings about it were inconsistent. As an

example, although nearly all of the students equated a mid-

summer beach closure with pollution, suggestions of the type

of pollution causing beach closure ranged from specks of

dirt in the water, through garbage floating on the water, to

sewage dumping. Many students ised the term "pollution" in

contradictory ways, indicating that although they felt

certain that they understood the term puilution, they did

not have a clear image of it.
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Other typos of understandings about c4ncepts began to

emerge during the unit. Students talk revealtng their

perceptions about life in a wetland has "men arnanged into

four categories of knowledge. Students' understandings have

been classified as strongly held ideas, developing ideas,

ideas altered by observation and contradictory or confusing

ideas.

"Strongly held ideas" refer to concepts which are

discussed by all students in the study in similar ways and

were felt to represent a common understanding. Developing

ideas refers to cc epts which stimulated a range of student

responses that seemed to be related to the amount of

practical experience and jeneral knowledge they were able to

draw upon in discussing their observations. Ideas altered

by observation refers to concepts that were easily changed

in the face of conflicting evidence.

Confusing or contradictory ideas involve a number of

subcategories. Contradictory ideas refer to ideas that are

discussed by the students with confidence but in

contradictory ways on different occasions, such as 1rees

about pollution. Confusing ideas are perceptione held by

one student that are unusual and unique understandings he3d

by one student. Some confusing ideas seem to be independent

of other ideas expressed by the student. Others contain

elements of previously expressed ideas but contradict or

confuse earlier ideas.
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Some concepts are difficult to assign to one category

only. Every student held strongly to the idea that water

pollution is a major problem but they f..mntradicted

themselves and each other over subtler aspects of the

problem, such as what causes pollution and what effects it

has on the wetland environment. Childrens' understandings

about pollTAion are therefore discusned in more than one

category.

Strongly Hold Ideas

Two strongly held ideas are discussed below. The first

relates to students' understanding that all organisms must

eat. The second relates to students' understanding that

water pollution is present in wetlands.

Organisms Must Eat

The question "what do you think this organism might

eat?" was often asked by the researcher. The answers ranged

from "tiny fish," offered by Denise and Dana, to "microbes,"

as suggested by Stan as the food source for fairy shrimp.

Scott and Stan on separate occasions suggested that in order

to determine what organisms eat, they could be observed over

a period of time, adding different possible food sources

until one or more was consumed. Based on his observations,

Stan suggested during the second interview that one scud

that appeared to be piggybacking another might in fact be
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using it as a source of food. He did not watch the pair for

long enough to confirm or reject his hypothesis.

Steve suggested, when he was forced during the second

interview to choose from one of five words to complete the

metaphor "the lake is like a ...," that the lake is like a

factory because "the water produces a lot of stuff that we

eat, drink and use and the same for fish...like it makes

their food for them and stuff like that" (Appendix D).

Steve agreed with the other students that living organisms

must eat.

There seemed to b.,' some question about whether very

tiny organisms needed to eat. During her second interview,

Denise said she didn't think flatworms "need to eat

anything," but also suggested that they "might be food for

other things." During the follow-up interview, Diane stated

that tiny organisms don't eat, they "just drink water."

Both Diane and Denise seemed to feel that large organisms

must eat, but were unsure about tiny ones. Denise seemed to

change her mind in the follow-up interview, suggesting that

tiny organisms ch as fairy shrimp and water mites "might

eat each other, and maybe pieces of ducxweed." Diane did

not offer any change of view. Dana suggested that tiny

organisms eat -itsy bitsy pieces of seaweed."

During the follow-up interview, Scott suggested that

all organisms eat food smaller than themselves. He also

suggested thaf- changes in the balance of organisms observed
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in the ecosystem might be due to certain species chasing

others for food and forcing them out of the area being

examiAed. Steve agreed with Scott. When asked why catfish

could no longer be found in the bay, he suggested:

Maybe some of the bigger animals are coming along and

eating the catfish and then the whole thing changes

around. There ends up being more catfical food, the

catfish are dead and there are more of the things that

eat the catfish, so that's just one small change.

Both Steve and Scott had developed some concept of food

chains which they applied to their understanding of

ecosystems.

The idea that all organisms must eat to rur4ive seemed

to be widely accepted by the students, with some questions

about whettr,r or not very tiny organisms eat at all.

Pollution Exists in Wetlande

The term °pollution* arose many times during the

wetland unit with reference to a wide range of

circumstanzes. There seemad to be 11ttle doubt in the

students' minds that pollution was present in the wetland.

An outline of situations in which discussions involved

perceptions about pollution indicates the wide range of

understandings students held regarding the concept of

pollution. Steve and Denise suggested during the initial

interview that they could see pollution in the water. Steve
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said *the water's quite polluted. You can tell because it's

very coloured." Denise suggested that all the "dirt right

underneath all the little creatures" indicated that the

water was polluted.

Students' i tions about water pollution arose three

times during group discussions. The circListances which

stimulated discussions about pollution in the water were

dissimilar. The first incident occurred on the second day

of the unit while the students were testing the pH of the

water in the bay. Stan suggested because the wAter in the

'nay had a neutral pH it vas therefore clean. He wondered

"what would hapl.an if you took a sample around Toronto" and

suggested "you'd probably get a three or something."

The second mention of pollution occurred on the fourth

day during a canoe trip when an oily patch was spotted on

the water. When asked what be thought it might be, Scott

replied "pollution" with no further comment. The third

discussion occurred on the sixth day of the study when

samples of water were found to contain concentrations of

flatworms far greater than had been present on previous

days. When Scott and Stan were asked to sumest a reaso,1

for the increase in flatworm concentration, Stan suggested

that "the water's probably polluted," to which Scott

responded "it's very, very polluted maybe."

After the summer camp's swiaming arca had been closed

for four weeks, students were asked during the follow-up
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interview to explain what they thought caused the beach

closure. All of the students except Scott connected changes

in the lake to pollution. When Diane vas asked whether tile

water was polluted, she said "yes, because my sister didn't

go swimming last session they weren't allowed to go

swimming." When the researcher confirmed that that meant

the water was polluted, Diane replied "yeaks, but now it's

not," because the children were allowed to swim again.

Denise agreed, saying that the swimming area was closed by

"garbage like cans and smoke" and wau later reopened

because "the pollution's gone."

Dana also attributed the beach closure to pollution.

When asked what she meant by 'pollution, she said:

People throwing, um, stones into the water and people,

uh, and people throwing, like, um, grass into it. Like

that and junk fcod into it, like junk, like throwing

old junk and all that and...if it gets too much it can

die. Like the water can, you know, liYe die.

Dana's conments are discussed more thoroughly within the

section "Contradictory and Confusing Ideas."

Stan was most conr1rned about pollution in the lake

created by "factories spewing out wastes" and by the dumping

of sewage into the lake. Steve maintained the belief that

he coult se,. pollution in the water. When he was examining

a water sample during the follow-up interview he said:
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It's hard to sea [pollution]. Like this little, these

little dots in the water, some of it might be

pollution. It's hard to tell which is pollution and

which is not because there's so many organisms in the

water.

Steve's comments will be discussed further in the section

"Contradictory and Confusing Ideas."

It has become clear through the above discussion that

even strongly held ideas are perceived in different ways by

the students. Students' prior knowledge and experience seem

to affect their understandinq of concepts. The following

section illustrates how several ideas seemed to te

understooA in different ways depending on students'

background knowledge.

DtX1102ing Ideas

Nona of the student's individual ideas changed

radically during the course of tne study. "Developing

Ideas" provides comparisons between the six students

involved in the study, examining how their different

experiences, backgrounds and approaches to the problem

affected their responses. Two general ideas will be

discussed in the current section. First, wetlands need to

be protIcted from development. Second, students make

observations about wetland organisms based on their past

experience. Novice observers tended to focus on few



features of their samples while more experienced ohst vers

tended to expand their observations to look at the

environment surrounding their discoveries. Students use of

language is an important clue to their level of experienc

and knowledge about wetland organisms.

graidantelimexatAngung_ithsuProtectign
Students were asked on the first day to share their

understanding about environmental battles. During the

initial interview, each child was presented with the picture

entitled "Battle for Wetlands," presenting an image of a

gavel between a toy bulldozer and a bird's nest with eggs.

They were asked to explain the significance of the picture.

The exslanations illustrate a range of perceptions about the

meaning of the symbols. Scott succinctly suggested that the

picture rnpresented "don't ruin nature" while otan suggested

that:

It'd probably be, the decision, whether--this signifies

construction, this is, the decision between whether to

let ccnstruction go ahead and ruin habitat, or not to

let it go ahead and save habitat.

Steve connected the symbols with some input from the

interviewer:

The bulldozer represents deiAolition and stuff...and

that's a judge's hammer and I guess that represents the

law and stuff like that, the laws and the prophets,
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s,uff like that, and the bird's nest, and the leaves

and the eggs represent nature and reproducing and going

on and on...they're all a part of life.

After he had been encouraged to explain why the gavel was

between the bulldozer and nest Steve suggested that "the

judges never... they let this do some demolition and let a

lot of this stay." Denise explained that "there's forests

getting wrecked [by] bulldozers and that, people,

governments" and that the gavel "represents court" and that

the nest "represents nature". She was not sure why the

court would be between the other two.

Diane and Dana had slightly different perceptions of

the symbols. Diane explained that the bulldozer was to

"bulldoze down the trees and stuff...to build a bu: Aing

there," said only of the nest and hammer that they

"represent the products of nature." Dana struggled to

explain what each of the items would be used for, but could

not think of any connections between the pictures. She

suggested that the bulldozer vas to "build new buildings or

something?" and that the gavel was to "hammer nails into

something ?" She seemed very unsure of her responses,

ending each as a questicl. Of the third image she responded

"1 would say the eggs, they hatch to become, birds and all

that," and later said "the nest is made by scraping sticks

and all that."

I30
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Out of curiosity, I presented Dana with the picture

again in the final interview. She had developed stronger

categories for linking the symbols, saying "a hammer would

be related to [the bulldozer] because they're like tools and

all that" and "the grasb and all that would be related to

the eggs." She developed a link between all three pictures,

saying that:

They're all working stuff 'cause a bird lays eggs, that

[the gavel], bangs and all that and that (the

bulldozer) pushes dirt and all that.

After five minutes examining the picture, Dana finally said

"I don't get it because, you know, I still don't get it."

The students' responses to "Battle for Wetlands"

illustrate a range of understanding about the image being

presented. Stan and Scott most clearly expressed their

perception of the entire picture, while Steve and Denise

confidently explained the symbolism of the three parts of

the picture separately. Dianc ani Dana had different

perceptions of the three symbols. On a second presentation

of the picture to Dana, she expressed a system of

classifying concepts that had not been previously used,

revealing new information about her sense making process.

The students' understanding of the "Battle for Wetlands"

picture seems to be indicative of their experience with and

knowledge about wetlands.
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Povice to Expert observatigna_qtArganisas

From the first day it became clear that some of the

students were more familiar with wetlands and had a larger

vocabulary for discussing their observations than did other

students in the group. The students were given opportunities

to work in various sized groups and indiswidually during

interviews to examine water samples. Data provided by the

students seemed to support the notion that students' ideas

progress through stages of development. The next subsection,

describing students' perceptions about buoyancy, supports

the argument that students' understandings become clearer as

their experience and knowledge increase.

Of all the students in the group Stan and Sco_t had the

greatest amount of prior experience and interest in

wetlands. They both had had access to marshy waters near

their homes. One of the most striking features of both

boys, in comparison to the other students, was that from the

first day of the unit, they talked about features of the

environment in which they hae, found their samples. Stan

often offered clear, scientific explanations fIr his

actions, such as the following comment offered on the second

day:

I took a semple from the bottom which was where the

catfish were and so this is just a sample of the

habitat where the catfish were swim, living in.....hat's

the habite they were in, we found them in anyway.

92



84

The image of "Stan is a scientist" is explored more

thoroughly below and in the next chapter.

Scott offered fewer comments about his actions than did

Stan and he frequently went off alone to collect specimens.

He often supplied the group with interesting samples and

offerld plausible explanations for his discoverise. On the

second day, for example, when Scott found a gelatinous mound

containing tiny oval bumps, he suggested that it might

contain catfish eggs since he had found it in an area dense

with the fish.

Stan was concerned about nomenclature and the naming of

samples. He liked to be precise about classifications. On

the third day of the study two types of fish were discovered

by Scott and Stan. Scott said "we have a baby something" to

which Stan replied "I think that it's called a gar pike"

then changed his mind, saying, "oh yeah. I know what that

is now. It's a grass picker." He referred to it later !iks a

"baby gar pike" and later spoke to it, saying "you're a nice

little grass pickerel, aren't you?" Although he seemed to

be ambivalent about the species name, he did feel it was

important to classify it as something more than just a fish.

There are many other examples that illustrate Stan's

abil..y to draw upon prior knowledge, to examine his

environment for clues and to apply his knowledge to his

examination of samples. While Stan was examining a water

sample during his second interview, he said:
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This sort of ;less to a lot of stuff from on land

in it, in this water...I'm trying to find out about

this. There appears to be a little piece of detritus.

It looks like it could be from a tree.

Stan's prior experiences semed to have provided him with

stratogies for assessing and discussing problems clearly.

Stove had had little prior exposure to wetlands and he

confessed during the second interview that h really didn't

like to handle "all this stuff." Diane reacted in a similar

way, saying In the sixth day, "oh look, there's a worm.

It's really horrible...see, ew, sick." In spite of their

disgust both Diane and Steve were willing to examine samples

and to comment on their discoveries throughout the unit.

Superfi tally, Steve seemed to be fairly knowledgeable

and verbally adept. When hn was working with the microscope

on the se-:ond day, he said, "[I've] got to check that out

under the microscope if I can get it. Oh, I'm going to

sample something here." Ho was unc,tncerned about the

classification of specimens, using such generic terms as

"little fish" and "stuff" when referring to objects he was

observing. He seldom spent time following through an

examination and he oftea used sophisticated vocabulary in a

nonsensical way whicb indicated that he was aware of

scientific terns but not of their appropriate use.

he was examining seed pods during his second

inte...iew, Steve began wondering alot 1 what they were. When

0
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looked at in the water they appow.red to be fuzzy, yet they

were slippery to touch. When Steve was asked what he

thought they were, he replied:

I guess it's just little specimens, or articles, that

have been put together over the years and years and

years.

On the second day, when he was examining a water sample

collected by Scott, ho said:

Yeah, it looks like dirt and you can see some of it

floating around in the water and stuff. You can see a

bit of the water particles too. It's pretty

interesting. Go to, to get another catfish, Scott.

Steve seemed to be more interested in experimenting with

ways to use the equipment provided for collerlting and

examining specimens than in actually examining samples.

Whether he responded as he did because he preferred

technology to biology, or because he felt more sure about

how to explore the use of equipment than to observe samples

tak,sn from the wetland is unclear.

Diane made few comments during the first four days of

the unit. One of her earliest comments, about a fairy

shrimp being examined was "oh, the eyes ate cute." She was

extremely concerned about the welfare of the sample

organisms, worried that they might die while beinr examined.

She initially had no names for the organisms except "worms"

and "fishies," but by the thild day, she began to call fairy

fi
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hrimp the "shrimp thing." Diane concentrated on completing

examinations of specimens whe- she was asked to do so but

did not appear to enjoy studying samples simply for her own

interest.

Neilther Denise nor Dana had any qualms about examining

samples but neither seemeu to have had much experience

studying wetlands. Denise's interest in the study stemmed

Lrom a recent school prOect on daphnia. Throughout the

study she called samples either "daphnia," or "dragonfl!,

nymphs," or, ir they were hairy "poppa hairys." She liked

to touch and collect samples simply to have them. During a

canoe trip on the third day with Stan, Scott and the

researcher, Denise kept insisting on pulling lily flowers

from the bay but without any pv.ticular purpose.

Dana's comments throughout the unit are often

interesting, unique and confusing. A number of Dana's

comments will be discussed in the se7tion, "Contiadictory

and Confusing Ideas." Dana offered very few comments '.11

preoence of any of the other students except Denise. Dana

did not often classify the specimens she ,,xamined and when

she did, she seemed to be unsure of herself. On the sixth

day, when she was working with Denise, she pointed to a

sample and said "that guy that I caught, you know, I, it was

sort of like a minnow, or something, or a tadpole, little

minnow or a tadpole I suppose." Most of the tine, she

refereed to organisms as "bugs,"
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The students' responses to the environmental unit were

distinct and unique. Stan and Scott were undoubtedly the

more experienced biologists in the group yet their

approaches to problems were quite different. Stan was able

to verbalize his observations, as was Steve. Scott

preferred to *maim specimens quietly and to supplement his

observations of samples by exploring the environment from

which the samples were collected. Diane followed

instructions clearly and efficiently. Denise enjoyed

socirlizing, often moving from one group to another when she

had been paired up wlth another student. She tended to

examine samples for a short while, then save away from the

task and return to it later. Dana often remained in one

spot, often quiet and appearing to be uninvolved in

examining the sample, but willing to become involved when

given some guidance either fro,. me or from another student.

Differences in Students' Perceptions

Differences in the students' perceptions about how

organisms can live in a wetland can be illustrated by their

responses to a question asked of each pair on the sixth day.

The stueents were asked to explain how they thought

organisms could remain buoyant in the water. Stan suggested

that some organisms "might have an air sac" inside of them.

Scott suggested that buoyancy had to do with movement,

saying they "would probably sink" if they weren't "doing
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anything, like swimming.° Steve suggested that buoyancy had

to do with wave action.

When the fish move they make waves behind them and when

there's a lot of them it makes a big wave, and it keeps

them up. So you see, when the fish stop moving over

here it ..ftops and then (they sink].

Dana felt that buoyancy had to do with weight.

Some bugs, little worms are, like, like, heavy and they

sink down to the bottom? And then some of them are

partially light, and the other ones are all, like,

really, really light so they just stay up on the, um,

surface.

Neither Diane nor Denise offered an explanation for how they

thought organisms remained buoyant.

Stan's clear, concise response suggests that he had

information about air sacs used for buoyancy. Scott's

response suggests that baPed on his observations, he has

connected the organism's movement with buoyancy, while

Steve's observations connected sifter action with buuyancy.

Dana's idea connects buoyancy with weight. It is

interesting to note that the other two girls did not respond

to the question.

Ideas Altered by Observation

Some of the students' ideas changed quickly in the face

of conflicting evi.,ence. The most easily changed
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perceptions seemed to be those that could not be confused

with other concepts. This category consisted of ideas that

the students had not thought much about prior to the unit,

such as the number and diversity of or,anisms in a wetland

area, and daily changes in the appearance of the bay and in

the variety of organisms available for sampling.

Can Shrimp Be Found in the Wetland Area?

During the initial interview students were shown

pictures of four common wetland organisms, including a fairy

shrimp. I hnd found several shrimp in the marshy bay on my

initial examination of the site. When the students were

asked whether they would find shrimp in the bay they all

replied either that it would be too small to find, or that

it could not live in the bay.

Stan said that "shrimp normally live in salt water."

Scott said they would not be found because "it's not like an

ocean, it's not big." Steve suggested that shrimp:

like to be out where it's clear...so I'd say

probably the smallest body of water weld find it in is

probably Lake Superior, if, at any, I'd say probably in

salt water, in the ocean.

Dana suggested that "I've never seen something like that

before and I'd say I wouldn't see it." Denise thought she

might see one but that it had been "magnified about a
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thousand times" in the picture. Similarly, Diane felt that

it would be "too small to find."

There were fairy shrimp in the samples throughout the

two week session. None were found four weeks lator so could

not be examined during the follow-up interview. All 0: the

students quickly acknowledged that shrimp could indeed live

in a wetland.

Can the Wetland Support Diverse Species?

At the beginning of the second interview the students

were asked to comment on the most interesting things they

had learned about the wetland. Stan, Steve and Dana all

commented that they had learned that there was great

diversity in the species living in the marshy bay area.

Dana commented that "there is a lot of intsresting creatures

in the lake." Stan noted that "there's a lot more stuff

than...you'd notice at first, by just looking at the water."

Steve was more explicit, stating that:

I thought that [the water] was very cold and yucky but

I found out that all the yucky stuff was really little

fish, and life and stuff.

Denise and Scott were most surprised about the fish in the

water. Denise thorght that fish were only found "way out in

Lake Ontario...not close to, um, an island." Scott was

surprised to find that the fish moved around, being found in

one spot one day, and not on the next day. He thought that
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they stayed in one spot. Diane's responses to the question

are not recorded because she was unavailable for the second

interview.

Four weeks after the wetland unit had been completed,

the follow-up interview began with the question, what do you

remember best about the wetland study? The responses were

more varied than to the introductory question for the second

interview. The first part of Stan's interview and his

response to the question were lost because of a problem with

the recording of his interview. Scott was surprised to have

found so few fish in the bay, compared to the number present

in the lake near his family's cottage. When asked what

factors he thought might contribute to the low fish

population in the bay he said "it's shallow. It's kind of

in a swamp area."

Diane answered the question at the beginning of her

follow-up interview by saying that she remembered "the stick

thing with the black things in it." At the time of the

interview, I said "oh, when you took the piece of seaweed

and shook it and all the things came out of it, you mean?"

Diane asreed, but in retra-pect I think she was talking

about a spongy piece of reosd that she had found on the

second day frau which parallel rows of tiny roots were

beginning to grow. My comment effectively stopped further

comments from Diane about what she had remembered of the

study, except to say "we caught some catfish." It is
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difficult now to assess whether or not she was intrigued by

the diversity of species living within the marshy bay.

Steve, Denise, and Dana provided vague responses to the

question of what they had learned, avoiding discussing

specific concepts. Steve said "I know much more about this

spot. I know more about the water* but would not elaborate

on what he now knew. Denise remembered general details of

the study and two samples that particularly interested her:

I remember that you were fishing for, um, stuff that,

stuff that we could test. / remember the big root with

hair, and the catfish. We went out in the canoes and

got lots of samples and we tested the water for

pollution.

Dana had the most unusual response of the studente. She

became extremely distraught when she was asked what part of

the wetland unit she remembered best. She spent five

minutes trying to remember the study:

Um, yeah, we had to, like, we were collecting things

and then playing with them...the SURVIVAL [game] was

fun...do you remember, um, when you had that big, um,

root, like, big root, something like that?....I'm

trying to remember...I'm trying to think back here.

forget all this stuff!

What the students remembered from the study seemed to be

related to their interests as well as to their experiences.
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The students all seemed to be impressed during the

study by the range of species that could be supported within

the ecosystem. Their observations had altered their ideas

about the lake.

DoaLtba_ramittu_Chiumat
The question of whether the ecosystem changes is

included under the heading of "Ideas Altered by Observation"

because several observable changes occurred during the two

week unit. The two most obvious changes were in the

concentration and variety of organisms present in samples

and in the appearance of the bay itself. Specimens

collected during the first week of the unit included

dragonfly nymphs, catfish and pickerel. By the second week,

the samples contained high concentrations of flatworms and

fairy shrimp. Four weeks later, samples collected for the

follow-up interview contained small numbers of water mites

and little else. The appearance of the bay changed as

well. During the first week of the unit the bay waif:6 filled

with reeds and water lilies. High winds early in the second

week caused the plants to be swept onto the shore leaving

the bay clear of surface plants.

Ideas about changes in the ecosystem were conftzed by

several students with their observations that specimens put

into a stagnant anaerobic environment change. students,

ideas based on their observations of the bottled samples
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will be discussed in the next subsection entitled "Do

Samples Change Under Anaerobic Conditions?"

Comments made by the students identifying changes, or

causes of changes in the ecosystem occurred most often

during the individual interviews. On the third day of the

session Stan suggested that catfish could not be found in

the same spots as on the previous day because "I think they

probably go deeper, where it's cooler...because now that

we're checking for them in the morning they're not there."

No other students voluntarily plovided reasons for

observable changes in the ecosystem. During the follow-up

interview they were all asked to comment on changes they had

observed in the distribution of spectes in the samples

collected each day.

Some of the students made no comment about changes in

the ecosystem during the two week session. Dana did not

seem to understand the question when she was asked during

the follow-up interview. Denise speculated on changes to

bottled samples but indicated that she vas bored with the

interview when the topic turned toward changes in the

ecosystem. The issue vas not pressed further.

When Diane was asked to talk about factors that

affected the lives of the organisms observed in the samples,

she suggested that "the seaweed stuff" was important

"because the fish eat the seaweed." She mado other

connections as well, saying "the sand, because the things
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grow in the sand, and frogs, I don't know, sleep there. And

the water's important." Diane recognized features of the

envItronment that allowAd many species to survive within the

marshy bay, but she did not provide an explanation for

shifts in species populations.

Scott and Steve both suggested that changes in the

ecosystem might be caused by changes in the numbers and

types of organisms present that would eat one another.

Their comments are quoted in the section "Organisms Must

Eat." Scott suggested that sometimes there weren't as many

"little micro things" in the water as at other times because

there could bo:

...colder water or hotter water. Or maybe...it was

just...thAy weren't with the current that day and went

somewhere else. And if the current was with them

they'd probably go that way.

Stan agreed with Scott, suggesting that changes in water

- temperature could have an effect on sample populations.

Stan and ,Steve both indicated that fluctuating pollution

levels could affect populations.

po Samples Change Under Anaerobic Conditions?

The students were surprised and impressed by the

drastic changes that occurred in the samplea they had saved

in bottles for later examination. Roots swelled, lily pads
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decayed and all of the smmples carried the stench of

stagnant water.

Dana commented during the second inttrview that one of

the most surprising things she had learned was that "if you

put [a specimen] in, like, something, it will dissolve."

During the follow-up interview she began to discuss changes

in the bottled samples. She began by saying that samples

might change "because the lids were on and there was no

energy to get out or anything." She later explained that

things change:

Because, like, if, if, like an insect, like, just loves

the water, and doesn't want to get out, it changes,

right? Like, like, say there was a catfish, right, and

it just hated to go out of the water, and all that, and

you took it out, and then there was sort of like, um,

and then it was, like, uh, t.nd then it chanaed it,

like, it changed the way it looked and all that...if it

was in the water, it would stay the same...but then

once it gets out, it changes, like into something,

like, that'd like land.

Dana discussed her ideas about changes in organisms at other

times as well. Her views are elaborated upon under the

heading "Contradictory and Confusing Ideas."

Several students noted that tha lack of oxygen in

bottled samples attributed to their condition. Denise said

that "the stink comes from being trapped in a jar. They
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can't breathe very good." Diane suggested that samples in

bottles "deform" because of "the air. There's no air."

Stan indicated that "it's sort of going stale. It's not

getting washed over by enough water and the water that's in

there is getting stale just like it."

Steve offered a complete picture of the process as he

understood it:

Remember the lily? 'Cause everything was eating it,

and it was just, so all the, insides of it were coming

out and it was, rotting away sort of...so that's

basically what happens, except that it got all smelly

since it was still in the water...the bottled sample

can't get fresh air...if we breathe the same air, it's-

-we breathe out carbon dioxide, so we can'twe'd

eventually die.

Steve understood the need for humans to breathe oxygen and

related his understanding to the bottled sample. When he

was asked whether he thought certain organisms could survive

without oxygen he roplied rthere has to be because, like,

fish live without oxygen. Well, they take their oxygen out

of the water." He seemed to be uncertain in the end if any

organisms could be anaerobic but he felt sure that something

had oaten the lily pad.

There seemed to be confusion about whether organisms in

bottled samples were dead or alive. Dana responded that

107



99

when samples were put in bottles, life was taken from them.

When she was asked to elaborate, she said:

There is something living in there but, like, once they

get into the water they're ire* but, like...he thinks

that we're, like, keeping him, like, uh, like we're

keeping him in that, in this bottle for, like...like,

say he was like fishing, right? And he does something

wrong. This is sort of like a jail for him.

The other students had a variety of different explanations

for how bottled samples could rontain both dead and living

organisms. Scott suggested that a disintegrated lily pad

looked like ',somebody, something ate it up." Steve

explained that "things have eaten it. I don't know.

They're just munching away at it." Stan mentioned several

times that he bedieved the dis5ntegration of bottled samples

was due to micro-orgtnisms but he did not offer i .rther

explanations.

Contradictoxy_and Confusing Ideas

Centragictm_Igial

Iders about pollution provide a good illustration of

hoi., students' ideas can be contradictory. Since Steve was

the one who most often brought up the issue of pollution,

his talk provides the greatczt number of examples of

contradictions about the concept of pollution. Some

evidence from other students can also be found and
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complements the discusaion of contradictory ideas about

pollution.

One of Steve's first comments in the unit vas to

comment that fairy shrimp would not be found in the bay

because "they don!t like dirty polluted water" and three

minutes later he commented that "the water's quite

polluted." Denise agreed with Steve on her first

examination of tha bay water, stating that it "looks kind of

polluted." What they described as a polluted look to the

water was a yellowish tinge and specks of dirt at the bottom

of the bucket used for sampling the water.

Steve began his second interview with the comment that

"I always thought that this water was polluted very badly,

and I found out that it wasn't." Initially, the comment

seems to be a71 example of an idea easily changed by

observation. ,-c". in the final interview, Steve discussed his

ideas about pollution in another way. When he was asked to

coment on factors contributing to observable changes in

specieb populations in the bay throughout the unit, he

suggested that "the pollution rates went up or down." When

he was asked to explain his comment, he said:

Well, it's just, all the things, all the industry

that's around, like it has to go up because they're

making things in factories day in and day out, so the

pollution has to go up at least three, four.
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Steve seers on one hand to believe that pollution rates must

be continually increasing, yet on the other hand he claims

that pollution rates can go up and down, contributing to

population changes in the bay.

Steve seems to be certain that there is pollution in

the water, but he does not seem to be as confident about how

pollution affects the environment or how it manifests

itself. His final COMMe 7`. about the issue confirms the last

point:

And even in that just little tiny bucket of water,

there's probably some pollution in that too...it's hard

to see. Like this little, these little dots in the

water, some of it might be pollution. It's hard to

tell which is pollution and which is not because

there's so many organisms in the water.

Other students in the study seemed to be equally confused

about the concept of pollution. Although they agreed that

it must be present in the water their ideas about what

constituted pollution varied. Stan suggested that it

referred to "the spewing out of wastes from factories" and

to sewage dumped into the lake. Denise referred to

"garbage" in the lake as "cans and smoke" while Dana

referred to pollution is:

People throwing, like, um, stones into the water and...

people throwing like, um, grass into it, like junk,

like throwing old junk and all that, and, like, if, if
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it gets too aggh, it can die, like the water can, you

know, like, die.

Unfortunately, Dana was not questioned further to determine

what she meant when she said the water can die. In the same

interview ten minutes later, she described pollution as

dirty water by showing no what would happen:

If you, um, put more things in, like, which is

dirty...but watch, right, if you shake, like, shake it,

the things are all plugged, like that and...it starts

to move and all the things, things just start to float

down. Ha. I would say it [pollution] would be that.

Dana and Steve provided particularly interesting

contradictions about their understandings about pollution.

The greatest confusion seems to relate to notions about what

is pollution and how it can be seen in the water. For some

of the students, it seems that they can recognize as a

pollutant only something which they can see in the water.

Confusing Ideas

The final section of the chapter discussing the first

level of analysis deals with confusing ideas. "Confusing

ideas" refers to ideas that are unique to an individual and

suggest an understanding of the wetland environment that is

personal and unrelated to a scientist's understanding. Dana

provided the richest material for discussing confusing ideas

so the section refers specifically to her.
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As Dana's case develops she appears to be building

stories from concepts related to metlands. It will become

clear that Dena uses storytelling and metaphors as a way of

making sense of the complex and unfamiliar world of

wetlands. More will be said about how she seems to make

sense of unfamiliar concepts in the next chapter.

Dana was a particularly quiet member of the group.

Until she became comfortable with individuals she seemed

reluctant to speak out. During the unit she spoke most

freely with Denise and with me. Most of the examples of

confusing ideas therefore come fron paired work with Denise

and from interviews with me.

There seem to be several traits that contribute to

Dana's unique responses to problems. The first i her

difficulty with language. The more complex a concept she is

trying to convey, the more hesitant her speech becomes. It

is difficult for a listener to keep track of Dana's train of

thought. For example, when she was trying to explain yhy

water organisms 4n not move when they are taken out of the

water momentarily, she said:

Like, if you got, if you, um, put, like, an, like,

animal, like, ones that are in, out, of the water, they

kind of, like, ones that are in, out of the water.

They kind of, like, they kind of, like, they could, um,

like, you know, um, like, like, can't live if you take

them out of the water?
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Dana seemed to be able to follow her own discourse which

suggested to me that she was able to keep an image clear in'

her mind which the wanted to describe.

Based on her descriptions, Dana's images of many

concepts seem to be complex and interrelated. Once she felt

comfortable talking to me the shared many of her ideas. She

seemed to feel comfortable Choosing metaphors to define her

thoughts. During the second interview, when she was asked

to choose from a selection of five words to explain what the

lake was like, she said that it was like a town because

"it's like, all these animals that are living in a tank it

would be like there's families in the water."

The town metaphor was lost as Dana talked and va3

replaced by the image of "family." When she was asked the

question again Dana was offered "family" as one choice of

words to complete the statement "The lake is like a ..." She

continued describing her image of the lake by saying "like,

catfish are one family, and bugs are another family...so it

would be, family, because of all the creatures that go in

to, go to just a normal family."

Another feature of Dana's responses that was not unique

to her but was more characteristic of her responses than of

the other students' was her ability to animate and to

personalize ideas. Several examples are provided below.

The first two deal with her concern about the welfare of

organisms when they were bottled. The last two examples
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deal with Dana's understanding about the lake baGed on her

interactions with it as a camper.

Dana had observed that water samples kept for several

days in bottles underwent changes. During her second

interview, when she was asked to comment on what she thought

was happening in the bottles, she suggested that:

There is something living in there, but, like...he

thinks that we're, like, keeping him, like, uh, like,

like, we're keeping him in that, this bottle,

for...like, say he was, like, fishing, right? And he

does something wrong, see, this is sort of like a iail

for him, like, a little, a little 'tail. He might think

that.

At that point in her discourse Dana seemed to lose track of

her argument, and moved into a description of the bottled

sample. Later, during the follow-up interview, Dana again

touched on the idea that samples kept in bottles undergo

changes, and she provided an animated explanation for what

she thought mtght be happening:

It would be something like, um, like, they change

because, like, if, if, like, an insect, like, just

loves the water, and doesn't want to get out, it

changes, right? Like, like, like, say there was a

catfish, right? And it just hated to go out of the

water, and all that, and you took it out. And then

there was sort of like, um, and then it was, like, uh,
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and then it alums' it. Like, it Changed, like, the

way it looked and all that. Because, like, if it was

in the water, it would see the same, like, article and

all that, but then once it gets out, it changes, like

into something, like, thatod like the land.

In both interviews, Dana has built on the idea that

organisms have emotions and that they have some

understanding about and possible control wrer the

environment in which they hav been placed. She attributed

to the organisms human characteristics and understanding.

During the second interview, Dana was asked to select

from one of three words to complete the statement "I am to

the lake as [an animal, a listener, or a storyteller] is to

a story." All of the children had trouble answering the

question but it did stimulate a response from Dana to

suggest that her understanding about the lake revolved

around her role as a camper. Once she had stated that she

was to the lake as a storyteller was to a story, Dana

explained her choice:

Okay. If the water was a whole bunch of kids, right?

In the centre of t a hole, i...the camp was, a

storyteller, and sty, like, hi'had a microphone, and,

like, he would be telling all the kids a story, about

the lake or something like that. And then, then, like,

the sound would travel, travel all the way around the
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island, where the water is...that's what I think it

would bo.

Dana's description in fact made her a listener, but by

suggesting that the water could be children, she again

attributed human characteristics and understanding t.o the

environment, in this case from her own experiences as a

camper.

Another example illustrates in a different way how Dana

understands the lake based on her own experiences as a

camper. When she was asked to explain why she thought the

beach had been closed to swimmers for four weeks, she first

explained that the closure was due to pollution and then

commented that:

when I heard the beach was closed, I said to myself1

why would they do that? That's what I thought. Why

would they do that, why would they close the beach, if

there's kids who swim there? Yeah, and then they,

they don't get any swim...like, that wouldn't be fair,

you know, because, like, people that like to swim, but

if they don't want to swim or if they can't swim, how,

how could they cool off, if it's really hot, how could

they cool off?

Her understanding about the beach closure was very personal

and, in fact, seemed to be unrelated to her previous

assertion that the beach might have been closed due to

pollution.



108

When Dana's ideas are enalysed, there seem to be

patterns and clarity within her understanding. They are

confusing ideas, however, Lf they are compared to an

understanding based on a more scientific perspective. In the

next chapter, Dana's perspective will be compared with

Stan's to provide a focus for the analysis, exploring in

greater detail how two very different students seem to be

making sense of unfamiliar concepts. Data from the other

students in the study will also be used in the analysis.
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CRAFTER 5

ANALYSIS OF STUDENTS' PROBLEM SOLVING BEHAVIOURS

Ilakgratimat_Miltashate_Amnialtakina -UM/MAU

Chapter 4 divided students' talk into different types

of ideas--strongly held, dew...loping, easily altered and

confusing or contradictory ideas. As the analysis

developed, several examples of students' talk indicated that

what students say is deperdent upon how they think about the

problem. An interesting comparison can be made between Stan

and Dana. Stan was often able to express his ideas more

clearly than the other students because he had a greater

amount of experience and knowledge about wetlands than the

other students. In contrast, Dana had had little exposure

to vet/ands and approached the sessions much differently

than did Stan.

Mapter 5 discusses how the students, particularly Stan

and Dana, ssemed to make sense of information they were

learning about the wetland. The chapter consists of four

sections. The first focuses on examples of how Stan solved

problems presented to him during the unit. Stan's skills in

observing and reasoning will be termed a scientific approach

to solving problems.

The second section focuses on Dana's approach to making

sense of information. She admitted that she found it

extremely difficult to remember things from the wetland
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unit. How she grdually made sense of information es she

talked and examined samples by creating stories and

metaphors will be discussed. Dana's approach to problem

solving will be called a storymaking approach. Examples

from other students will be used to help make contrasts and

comparisons between the approaches to understanding used by

Stan and by Dana.

The third section of the chapter examines the students'

drawings, particularly those of Stan and Dana, commenting on

how the students' pictures relate to their approaches to

understanding information about the wetland area. The final

section summarizes the two chapters of the analysis. It

suggests that the wetland study provides a unique view of

students' understanding about a topic related to science

education. The summer leads the discussion into chapter 61

the conclusion of the thesis.

liaking_limac_eLDAtLAIL-Liciantiat_

The bemt examples of the students' different approaches

to problem solving can be found from transcripts recorded on

the fifth day of the study. The students had been paired in

their best groupings --Stan worked with Scott, Diane with

Steve and Denise with Dana. The discussion in this section

begins by describing Diane and Steve's comments about

specimens during the paii.A session, then focuses on Stan's

approach to examining a specimen. Although the students all
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participated in examining the samples, there were

differences in their enproaches t4 the task. In contrast to

the way Diane and Steve's attention shifted between the most

obvious details of specimens, Stan can be seen to focus on

ono specimen while exploring its environment.

Dana's approach to examining a uater sample on the same

day is discussed and contrasted utth Stan's approach. The

discussion about Dana leads into the second section of the

chapter, On making sense of data by creating stories.

Diane began the session with the comment "there's

something in there...hey, wow, look at all thesa little tish

in the water. Oh look, there's a worm. It's really

horribLa." Steve's comment about the same sample was "yeah,

they seem, whenever you put them in the water, they seem to

go over to the side [of the sampling container2." The

comments indicaze that Dianeland Steve were observing and

sharing their observations with one another, examining in

turn the different typos of organisms found in their sainple.

Steve and Diane's responses to the task of examining

the water sample elicited simple observations and they moved

quickly from one specimen to the next. They worked together

for 15 minutes, pointing out samples to one another and

answering questions I asked them. Diane seemed to work out

of a sense of duty to complete the assigned task. As she

was examining one of the bottled samples she said, "there's

all this foaming stuff, uh, the moss, the mossy stuff. We
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have to look at this one. It stinks." Ten minutes later

she turned to Steve to ask "would you say we're finished?",

confirming with her partner that the task had been

satisfactorily completed.

When Steve vas asked a question by me about how he

thought water organisms could breath, he seemed to be very

happy to provide me with an answer based on his general

knowledge:

They have gills and stuff: like, and they have to keep

swimming all the time: so when they swim, the water

goes in their mouth and cones out their gills but,

there's something that takes the air out of the water

or something...when they're taken out of the water,

they can't, there's no water for them to swim through,

so they can(t take the we, they can't take air in.

Although Steve was often able to provide knowledgeable

answers to questions, / was left with a feeling that he

preferred to be told information, or to read it and report

on it, rather than actually discussing observations he had

made himself. He supported my view when he commented to

Diane that he "hated looking at all these little fish."

Stan and Scott began the session on the fifth day with

a commentary into the taps recorder. "We're going to try

and get one of those little bugs." "We have some little

bugs and now we're going to examine them." The commentary

continued for several minutes, but it began to sound like a
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surgiLzy, with Stan as the physician and Scott as his

assistant. Stan continued the commentary:

They're like very small plankton and they're, uh, some

appear to be much longer than others and some appear to

be, fairly fat and there also appears to be, s00000mme,

very small plants in there.

In response to Stan's comments about the sample they were

beginning to investigate, Scott replied "and now we're going

to see if we can get other different Xinds [of organisms]."

Stans approach to tLe examination of water sauples was

unique among the group. He alone made comparisons betv a

organisms and stopped to examine the sampling environment

prior to examining individual specimens.

In addition to being aware of the samping environment

and commenting on it, Stan was more interested th i the

other students in naming the species he examined. As he

continued examining the sample with Scott, he said "there's

a little, uh, f^ud." Stan approached the samples both as an

objective observer and as an intrigued chlld. He often

addressed the organisms he observed. As he was examining

the scud, he said into the container, "did you fish have

anything to say about what you are? Come on, don't

afraid."

When Stan was asked a question, he always gave a

confident answer. He usually left in his antivers a *cord

that would allow him to change his mind should new evidence
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be presented to him. During the initial interview, when he

was asked, based on a photograph, whether a backswimmer

could really cling to the undersurface of the water, he said

"it's impossible to walk on the surface of water, almost."

When he looked at the next picture, showing a drop of water

being stretched from the water surface to the legs of a

water tiger, he said that the water tiger could cling to the

water surface:

Because it's a larvae and it's, this is, could have

been its nest and it could be a weed bed. And it could

have its tail stuck...might not have hatched totally

yet.

Stan can be seen to be a confident student able to create

sense out of unfamiliar experiences by relating new

information to his current knowledge base.

Stan obviously enjoyed examining samples and became

involved in his work, turning it into a game for himself.

Stan had many of the attributes of a scientist. He was

curious, he made thorough observations, and when he

suggested hypotheses, he looked for clues to support his

claim. On the third day of the study when the emtfish

population had disappeared and two gar pike were found

during the cool morning session, Stan suggested that one

population had replaced the other:

Because the water's cooler now and maybe they like the

cooler water...I think they probably go out deeper,

1.2'3
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Where it's cooler, because, it's just vice versa to the

catfigh. Now that we're Checking for them in the

morning, they're not there.

Stan's approadh to solving prOblems presented in the wetland

study suggests that he was developing the skills of a

scientist. Chapter 2 ontlined elements of the nature of

science, examining how science is viewed as a discipline.

laniby and Russell (1983) argued that the prevailing view of

science r° a discipline is mechanistic, with the primary

questions about scientific events being focused on

discovering how things happen. Roberts (1982) argued that a

contextual view can be equally well suited as a way of

exploring scientific events if explanations for events need

to interpreted within a particular context. In the current

study, Stan interpreted events within the context of the

wetland environment. He sought clear, unambiguous

explanations for events, suggesting that he had

characteristics of a scientist in his approach to problem

solving. His actions supported Robert's (1982) claim that

a contextualist view can be a valid approadh to

understanding scientific events.

Stan demonstrated that he was developing the skills of

providing scientific explanations for events. He searched

for precise terns to classify organisms, he looked for clues

to provide him with information about the environment as a

whole to enhance the universal applicability of his claims,
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and he was able to refer to his previous claims when solving

new problems. This last point refers not only to a trait of

a scientist but also to a vay of processing information.

There is nor discussim in chapter 6 about how students in

the wetland study processed information.

Wing Sense of Data as a Storyteller

During the paired session on the fifth day, Dana made

an attempt to name her specimen. "That guy that I caught,

you know, it was sort of like a minnow, or something, or a

tadpole. Like a minnow or a tadpole, I supposs." Unlike

Stan, Dana lacked the experience and the confidence to

commit herself to an expression of her knowledge. The

commert makes an important point about Dana. First, it was

the longest statement she had made during the wetland unit

to that point. Second, it was a rare attempt by Dana to

speak about facts directly.

As the paired session progressed, Dana became

increasingly willing to express her ideas. As she gairetd

confidence, she began to create images that seemed to help

her to describe what she was thinking. When I asked Dana

and Denise to consider how water organisms might breathe,

Dana suggested that:

Um, like, food, the food that you chew, like, it, like,

I would say that, there must be this sort of, like,

like, like, like, there's this broom that's sweeping
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all of the... and the food that you eat, to keep

it...and brings it here.

Dana changed the issue from breathing to digestion. What is

most interesting is her use of the image of a broos to

explain hor concept of digestion. Dana used an increasing

nu=ser of images and stories during the remainder of the

wetland unit and in the last two interviews. She seemed to

be making sense of an unfamiliar situation through the use

of stories and images.

This section discusses how Dana seems to maka sense of

data by combining pieces of her knowledge in stories. There

seem to be two processes'involved in the storytelling. The

first involves clarifying ab idea by finding a suitable

metaphor to define it. Dana often repeated tha metaphor as

a concluding statement, indicating that she had settled on

an idea. A second process, invoaming weaving observations

into stories seemed to evolve as a way of explaining complex

and confusing events. This section of the chapter has been

divided into two parts, the first dealing with the repition

of ideas and the second dealing with the creation of stories

to explain events.

Reoetition of an Idea

Dana's use of metaphors and stories to make sense of

unfamiliar problems became evident during the course of the

first interview. When she was asked to examine pictures of
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water insects, I asked her whether a fishing spider had a

fishing pole. She responded that:

It doesn't, because, um, if it was a fishing pole, it

would have a thing them to move down the water with,

to the water. I don't think it has that, and, um, like

this, it's just like an Jnsect. That's just like an

insect.

Once she had reduced the problem element of a fishing pole,

and had decided that the spider was just an insect, Dana

seemed more confident and more in control. She turned the

problem to somethIng that was more familiar to her. There

are many examples of Dant's problem reducing behaviour

during the course of the unit.

Dana had a number of problems speaking, from problems

with diction and vocabulary to nroblems with clearly

elaborating an idea from start to finish. Many examples are

recorded of Dana stuttering as she tried to explain herself.

In spite of her difficulties, Dana's last sentences were

usually cletr. Often the phrase was expressed as a metaphor

which might be repeated as a final and confirming statement.

An example of a final metaphor and confirmation arose as

Dana tried to make sense of the fishing spider question,

described above. She sounded sure of herself when she said

"it's just like an insect" and confirmed her statement

immediately after with "that's just like an insect."

Later, when Dana was trying to explain the difference
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between living in a bottled sample of water and living free

in the water, she said:

nit thinks that we're keeping him in that--this bottle--

for, like, like, say that he was...say %-.hat he was

fishing, right, and he does something wrong. See, this

is sort of like a jail for him. Like a little, a

little jail.

Dana's perceptions about changes that occurred in bottled

samples are in themselves intriguing and are discussed

later. Repetition of the metaphor seems to be a strategy

Dana used to settle on an idea.

Creating Stories to Explain Events

One of the first stories Dana created was told to me on

the fifth day of the wetland unit. While she was working

with Denise, Dana spent five minutes pouring water between

an eye dropper and a baster. In the baster she had captured

a scud. When I asked her to explain to me what she was

doing, she said "if the bug was, like, stuck in there and

you can't move it, and you can use water, like to to do

it." Later on the same day when Dana was left on her own to

work, the tape recorded a five minute monologue. As I

listened to the tape, I was astounded to discover that she

had not stuttered or faltered as she spoke. Parts of the

monologue have not been transcribed because wind noises

muffled Dana's voice:
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Okay, one of the, um, one of the bugs in that looks

like, uh, little, um, nintentions (sic), the thing that

would be, um, 2106 like the, well, on the body, and, of

th, of the creature and there would be some sort of

like, uh....this looks like, little yellow stuff...a

bodv, in it....it seems to be sort of like a, vell, it

looks sort of like an inchworm (laughs), but, a worm

isn't....I don't think that I would want to be an

inchworm.

As Dana was recording her observatlons about an organism,

she was classifying its parts and searching for appropriate

vocabulary. Near the end of the monologue, Dana searched

for a classification for the organism and provided the

metaphor, "it looks sort of like an inchworm." The

metaphor, in this case, seemed to replace the. name she did

not know as she attempted to describe her experiences.

Dana created many stories and images during the

interviews. During the second interview, she suggested that

"when you look through the, uh, magnifying glass, it looks

like, like the bug is living in another city, because, like,

when, when it moves around, it ends up moving through the

city." Dana not only seemed to be creating a story in the

example, but also to be playing with ideas. Playing with

ideas seems to be an important tool for Dana in allowing her

to retrieve information. When I interviewed her four weeks

after the study had been completed she said that she could
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remember only one thing--a big root that had swelled when it

was bottled. I had been worXing with Dana for 20 minutes

before she could begin to talk about her experiences.

During the.second interview, Dana explained that an

organism trapped in a bottle might think it was in jail.

When she talked about her understanding of what happens to

organisms trapped in bottles during the final interview, she

seemed 'to still be playing with her ideas. She explained

that:

They change, because, like, if, if, I, like, an insect,

like just loves the water, and doesn't want to get out,

it changes, right?...like, like, say there was a

catfish, right?...and, it just hated to go out of the

water, and all that, and you took it out, and then

there was sort of like, um, and then it was, like, uh,

and then it changed, it, like, it changed the way it

looked.

The story came near the end of the last interview after Dana

had tried several times to enplain how organisms physically

change when they are disturbed. She had been trying since

the second week of the unit to explain her observation that

when water samples are bottled for several days, roots

enlarge and leaves disintegrate. Her story seems to be

based on her current understanding that samples can be

observed to physically change.
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Later in the same interview, Dana talked again about

samples changing, this time perhaps adding to her knowledge:

Yell, if It if I got a chance to, see it, like, like,

dissolve, um, it would be sort of, like, turn into

another shape or something...the root would be, like,

getting all brownish and all that, and turning colours

and al:. that, I...that's what it would be for a

root...it, it would isazt of die.

The word "dissorve" came from Dana's vocabulary and was not

rsed by me during the interview. In the story, Dana seems

to be drawing together her ideas about bottled samples--that

things change and that things die. At one other point, she

had mentioned illat pollution could cause the water to die.

Death seams to be an image she related to the wetland

environment since it occurred at least twice in her talk.

Dana seemed to be gradually connecting her ideas and

understanding about the wetland area through her

storytelling.

Differences "Jetween everyday culture and scilritific

culture were discussed in chapter 2. It was argued that

scAentific explanations require more precise use of language

than do everyday explanations and must be generalizable,

while everyday solutions can apply only to specific

situations (Hawkins & Pea, 1937). Everyday language can

contain metaphors and ambiguities while scientific language

must be more accurate. 7:4aa's talk was rich w.,th metaphors
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and stories, the language of everyday explanations.

Furthermore, her explanations were specific to situations.

Dana did not seem to be bothered by contradictions in her

arguments, nor did she soak a universal understanding about

the wetlatd environment

(: 88) suggested that stories can i.rovide a

medium for tra,sforming understanding. Stories can contain

metaphors, and can be metaphors that carry familiar ideas to

less familiar situations. Dana provided numerous examples

of how stories and metahpors could help her make sense of

unfamiliar situations but her stories did not remove

ambiguities in her understanding. It may be that the study

was too short to see such a transformation.

Dana's stories did not always lead to a clearer

understanding. Sometimes her stories seemed bizarre and

unreal. While she was examining a small sample containing a

fair bit of sand during the final interview, Dana began to

create the following story, explaining what might live in

the sand.

You :,now, um, do you know, like, if you've got, like, a

little tiny speck of dirt...and, like, say you picked

up th littlest speck of sand that there was and,

and...and, there was a bare speck of sand, and nere

was a tiny little door that openad, and there was a

little tiny door that opened, and there was sort of

like c, house, it, it would be sort of like, a little,
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like, something that Ilsid in the honse, like, say you

got a big rap and the door opened, and, and you picked

up a Whole bundh of sand, and you, dumpe4 it in there,

like, jammed it in there, and there was...and there was

a sort of, like a ligh, like a house, ot, that looked

like the sand and, get, rodk for a house, something

like that, and, but there, there'r no rock in there,

so, the little hunks of sands, or the...0h, I see a

'auk thing in there, I see a little black thing in

there. Do you see it?

Dana seemed to have lost track of the idea near the end of

the itory. She beran telling the story whil( she was

looking for organisms in the water sample. Near the end of

the story, she seemed to remember that she was looking for

something. Her question redirectod both her attention and

mine to the task of finding a specimen.

sten also played mentally as he examined samples, as

was described above. When he approached a sample and talked

to the organisms, he was engaging in play. From a

scientist's perspective, Dana seemed to be making little

sense of the environment yet she made observations about the

samples and she wove her impressions into stories. There

seem to be more similarities between Stan and Da7a's

approaches to solving problems than is readily apparent

through their talk. The last section of the chapter

analyzes Stan and Dana's drawings, to look for parallels and
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contrasts between the students' approaches to understanding

the wetland.

St 1. /. I, 0i

In order to increase the students' choices of tools for

expressing their understanding about wetlands, they were

asked on days 1 and 9 and at the beginning of the follow-up

interview to depict life in a wetland using a sketch

drawing. They were invited to add comments and labels to

their sketches. On days 3, 6 and 9 the student., were asked

to observe a speciaen and to draw it, focussing on its

movement and gross anatomical features.

The students' six drawings contained many references to

plants, animals and anatomical features, as well as to

pollution, microbes and rocks. A summer, rf the featur=4 of

the wetland nvironment represented in the students'

drawings can be found in Appendix J. The discussion of

students' drawings focuses on Stan and Dana's drawings in

order to look for clues in the students' drawings that

contribute to an explanation of what they understood about

the wetland environment.

The most outstanding feature in Stan's first two

drawings of the wetland was the dumping of sewage and waste

(Appendix X). In his first drawing, a sewage truck was

dumping liquid and solid waste into the water as two eagles

watched. By the second and third drawings, Stan had removed
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tha birds but continued to draw in reeds, crayfish and

worms. In the second drawing the sewage.truck had been

replaced by a pipeline into the water. The final drawing

depicted a pond surrounded by reeds with cL-yfish and snails

in the wfter but did not suggest that the wetland was urid

as a sewage dump (Appendix

Drawing did not seem to interest Stan. He drew only

one sketch based on his observations of a specimen. In fact,

he did not sketch a specimen. He illustrated how a drop of

food dye disperses in water, based on an experiment I had

demonstrated, illustrating how surface area can increase

without changing the volume of a drop of dye (Appendix X).

Dana also drew a bottle filled with green liquid, explaining

that "the bottle that is filled with green food colouring

has (algO dissolved." Her drawin I are depicted in

Appendix L.

Dafia's drawings of the wetland contained less detail

than did Stan's drawings. Because she attended the second

session of the summer cnmp program while I was working with

a different group of students, Dana co. ,:ibuted four

sketches depicting life in a wetland rather than the three

collected from the other students. Her first drawing was of

a fully dressed girl bobbing in the water while a fish swam

past her and seagulls and insects flew above her. In the

water were the words "green foray stuff." The next sketch

was of a circle labelled "swamp" and a girl with antennae,
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labelled "space girl" standing beside it. IlLan I gave the

assignment , I had asked the students to illustrate life in

a wetland to explain to sn alien.

Dana's third skutdh depicting life in a wetland made no

sense to me for a while. She drew a swamp with a caption

below it stating "a swamp is sort of like a wetland area?"

The swamp contained an insect, seven Uly pads and a boa

constrictor. I leter realised that Diane had els.) shown a

snake in her third wetland diagram and snakes were depicted

in pictures drawn by other children I worked with at the

camp who were not included in this study. The children mtAt

have seen snakes in the water at some time when I was not at

the campsite. Dana's fourth drawing of life in a wetland

showed a frog and several gr.= linos labelled "leeches."

In addition to her depictions of life in a wetland,

Dana made three sketches from her observations of speciaans

(Appendix L). A skwtch made on the third day depicted a

catfielh with eyes, ears, body and legs. On the day the

sketch was made, there were no catfish found in the bay. On

the sixth day, Dana drew four dragonfly nymphs. Thsy all

had antennae, arms and'legs and looked to me like

silhouettes of Mickey Mouse. One of the nymphs was ;laced

in a closed bottle. Dana became very intkzested in and

concerned about the conseguenms of bottling organisms. Her

concern was illustrated in the drawing as well as in her

talk. On the ninth day, Dana drew "the inside of a leech"
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as a green stalk with arms. It may have been difficult for

Dana to maks out fine detail. She wore thick glasses and

had trouble using a magnifying glass to see samples.

Stan's drawings were different in many ways from Dana's

drawings. In all of Stan's sketches were featured many of

the same, unchanging attributes of the environment Stan

referred to as a wetland. The drawings seem to be

consistent with Stan's approach to the wetland unit based on

his talk during the unit. Stan's sketches were clean and

simple, symbolizing characteristic features of the

environment while focussing on a few important issues, such

as pollution in the environment.

Dana's drawings, on the other hand, varied greatly from

one sketch to the next. She seemed to focus on only one

organism or idea at a time in her drawings. Similarly, when

she was talking, Dana found it difficult to remember many

things about the wetland unit at once.

Stan was described above as an analytical, scientific

thinker. His drawings indicated that he was aware of the

interdependent nature of wetlands since he represented

plants and several kingdoms of animals in all his drawings.

He also indicated that he was concerned about the wellbeing

of the environment by his depiction of sewage dumping. The

drawings supported, to some extent, the image of Stan as a

scientist. In contrast, Dana's drawings focused on one idea

about the environment at a time. Her drawings contained
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elements of fact and elements of invntion. The drawings

seemed to be consistent with Dana's talk about the wetland,

suggesting that she was able to work with only one idea at a

time, and that she wove factual ideas into stories as -le

tried to make sense of unfamiliar information.

summary of the Analyses

The two chapters of the analysis have discussed what

the six students in the wetland unit revealed to me as an

instructor and researcher. Chapter 4 categorized the

students' talk into four types of ideas. It became clear

through the analysis of the students' talk that there was

great variation in their general knowledge and in their

knowledge about the wetland environment. Differences in

students' ideas were categorized into four groups--strongly

held, developing, easily altered and contradictory or

confusing ideas. These were used to provide a framework for

discussing information revealed by the students during the

wetland unit.

At opposite extremes of the group's experience were

Stan and Dana. Stan had experience, knowledge and

appropriate vocabulary to discuss his observations clearly

and factually. Dana avoided factual discussion, in favour

of discussions that allowed her to create metlphors and

weave stories about the wetland using her observations about
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the environment as the thread and her imagination as the

loom.

Chapter 5 analyzed how Stan and Dana, two students with

vastly different backgrounds approached the task of

examining and talking about water samples. Stan was

described as a scientistc while Dana was described as a

storyteller. Their approaches to the problem revealed

something awesut their understanding of the wetland

environment. Although their views were far apart, it is

interesting to note that there were also similarities in

Stan and Dana's talk, particularly when they played with the

samples as they talked.

During the wetland study, students were encouraged to

examine and to talk about their observations within the

context of the wetland. Stan has been described as a

student who was able to make general and broad observations

about the environment and to apply his observations to

making sense of specific problems encountered within the

wetland environment. Dana also explored the wetland but she

seemed to have a much narrower perception of the environment

than did Stan. Although both of the students explored

problems within the same context, Stan was able to elaborate

his arguments more completely than was Dana. As a result,

Stan's talk revealed fewer contradictions and a more stable

perception of the wetland environment.
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The wetland study provided a unique opportunity for

exurininr students' talk revealing their ideas over several

days about one topic. Several of tha science education

research papers which were reviewed in chapter 2 asked

students to choose one of several answers to questions about

a topic (Arnaudin & Mintzes, 1985; Wanderses, 1985; Gilbert,

Watts & Osborne, 1985; Snively, Although in two of

those studies (Snively, 1983; Gilbert et al., 1985) students

were encouraged to explain their choice of answers, their

ideas had already been focused by the researchers'

questions. In neither of the studies were students

interviewed a second time, so their ideas were frozen into a

single impression provided by one interview. By recording

students' ideas over a longer period of time, the wetland

study capture more features in the picture of students'

understanding than could be revealed by a single

questionnaire or interviev

Another valuable feature of the wetland study was its

use of several methods for collecting data. Bloom (1990)

and Aguirre and Kuhn (1987) used several methods for

collecting data about etudents understanding. Bloom's

methods revealed information about how a group of etudents

understood the world, but, as in the studies above, each

method was used only once, capturing only a moment of the

students' ideas. Aguirre and Kuhn (1987) used their aata

collecting methods throughout a unit of study about
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radiation with junior high school students but the focus of

their analysis was on teaching ra ItIr than on students'

understanding. The wetland study was unique in using a

variety of methoes to examine students' understanding about

a topic.

The next chapter reviews the purposes of the study and

summarizes the findings, commenting on the success of the

study in satisfying its objectives. The success the

stud: lies in part on the effectiveness of the data

collecting techniques as tools for revealing information. A

critique of the data collecting methods is provided in

chapter 6. Finally, the implications of the study,

weaknesses and possible follow-up research questions are

presented at the end of ciopter 6.

141



133

CHAPTER 6

DISCUSSION AND IMPLICATIONS

Csaaninta.laLithaLlinThaiii_LsntrikutsiLidLAtiiarreh
on StuOentso Undetstandinq

The final chapter of the thesis consists of three

sections. The first section reviews findings of the

study, restating its purposes and coumenting on the success

of the study in achieving its outlined purposes. The second

section critiques the value of the data collecting methods

used in the stmdy as tools for motivating students to reveal

information. The final section of the chapter discusses the

implications of the study, suggests some weaknesses in the

design and recommends possible follow up research questions.

Emmiew_al_tbs_fitudx

'he wetland study was conducted as a 9 day unit

exploring a marshy bay. The six students involved in the

study voluateered to participate as an optionel activity

within a summer camp program. Working sessions with the

students were set up to inicude daily group activities, a

game and time to examine water samples collected from the

shore of the wetland. The major data collecting time during

each session occurred while the students examined and talked

about water samples. Three tape recorders were set up to

capture the students: comments as they were working. The
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students were encouraged to talk as much as possible as they

examined water samples.

The two main purposes of the study were (a) to explore

how students make sense of concepts related to the study of

a wotland area, and (b) to assess the value of several

methods used to collect data in an ethnographic study.

Three questions were used to outline the first purpose,

asking (a) how do students express their understanding of

concepts, (b) what ere the common characteristics of

stu,-,nts talk, and (c) what processes do students use to

make sense of concepts. Questions outlining the second

purpose are reviewed in the second section of the chapter.

$ummary of the Findings

The students expressed their understanding about

concepts encountered in the wetland in a nuMber of ways.

Two nain methods of communication were available to the

students during the unit - -drawing and talking. Since none

of the students spent a great deal of effort drawing, the

majority of information was revealed through students' talk.

As the students' talk was exemined it became clear chat some

students were more articulate than others, some had more

prior knowledge applicable to the wetland unit than did

others, and some had greater confidence in their ability to

make sense of information that was presented to them. These
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throe factors seemed to be particularly important as

indicators to how students expressed themselves.

Stan was articulate and able to combine his eapariences

in the environment in order to create explanations about

events. He was confident enough to always be able to

provide en explanation for events and experienced enough :n

the environment to know where and how to look for clues to

support his arguments. Scott had experience but lacked

Stan's verbal dexterity. He spent a great deal of time

collecting samples and seemed to like best to observe

organisms within their natural habitat. Scott's

explanations for events, when offered, we're concise and were

sometimes supported with evidence from the environment.

In contrast, Steve had an extensive vocabulary but he

seemed to have little experience or interest in exploring

the wetland environment. He did not seem to have a strategy

for making observations and he would often move away Zrom

the task of exploring the wetland environment. Like Stan,

Steve confidently offered explanations for events but he did

not account for variables encounterad in the wetland

situation. Diane, like Steve, seemed to be confident of her

abilities as a student. She used language clearly and well.

Although Diane did not express great curiosity about the

wetland unit, she exhibited traits of a successful student,

able to use strategies to complete even tasks which held

little personal interest for her.
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Neither Denise nor Dana seemed to be as confident,

experienced, or articulate as the other students in the

study. Denise often used generic terms to classify

organisms, such as ospoppa hairy* to define all organisms

with cilia or hairs. She enjoyed working with the water

samples but her talk suggested that she jumped between

observations making few connections between events. Denise

and Dana both used many metaphors, comparing their

observations made about the wetland environment with more

familiar objects. Dana spent much of her time within group

activities sitting passive and alone as other students

examined water samples. She seemed to lack the confidence

to begin a task without support. Often she was not offered

the support she needed by other students. Although Dana

lacked vccabulary to describe and to classify her

observations, she often expressed her understanding about

the wetland environment to me through personal stories.

The description of how each student expressed his or

her understanding about the wetland environment summarizes

the main characteristics observed about each student during

the wetland unit. There are few studies in science

education that have identifted how individual students make

sense of information over a period of time. Aguirre and

Kuhn (1987) described how one junior high school class made

sense of concepts about radiation over an entire unit of

stady but they focussed on characteristics of the teacher
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that contributed to successful learning. Bloom (in press)

analyzed students' talk as they explored an unfamiliar

situation but usftd only one interview for each student. The

wetland study offers a unique look at how a group of

students expressed their understandings about selected

concepts throughout a short curricalum unit.

Common _Features of Student Tall;

As the students talked, in spite of largo differences

in the ways they expressed their understandings,there were

also characteristics common to all of the children. The

common characteristics were identified most clearly within

the analysis of students' problem solving behaviours,

particularly as a comparison between Stan and Dana.

Although Stan and Dana had had very different experiences

and could access different types of knowledge, they shared

two important features in their talk and in their play.

Both students used language available to them to create

classifications appropriate for organizing their

experiences about the wetland environnent and both students

played with the samples as they talked.

Several references have been made within the two

chapters of he analysis describing Stan's attempts to narde

organisms. He recognized a need to use language to sort and

classify his observations. Although Dana had access to

fewer words for classifying her observations, there were
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many references throughout the analysis to her attempts to

organize and sort ideas. There seems to be support from the

data for schema theory, which suggests that learners sort

new information into sensible categories (Champagne &

Klopfer, 1984; Anderson, 1984). The value of schema theory

in assessing the results of the current thesis are discussed

more thoroughly in the next part of this section.

Although all of the students used metaphors as they

talked about the wetland environment, Dana used metaphors

more than the other students to explain her findings. Using

metaphors to define terms seemed to be a strategy Dana

adopted to circumvent her linguistin deficiencies. Bruner

(1986) discussed the role of language as a way of sorting

out one's thoughts. Several researchers (Sutton, 1980;

Lakoff & Johnson, 1980; Snively, 1987) have argued that

students use metaphors to make comparisons between familiar

and unfamiliar situations. The wetland study supported the

claim that students use metaphors to sort out their

understanding.

Bruner (1986) suggested that thoughts are invo/ved in

organizing perception and action. In spite of her attempts

to make sense of the wetland, Dana's perception of the

wetland remained extremely limited. From the beginning of

the study to the end, soe focused on one characteristic of

the environment at a time. Her drawings and her talk

reflected her limited ability to pull together her ideas,
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particularly at the beginning of the follow-up interview

four weeks after the study had been completed when she could

ramember nothing about the study. There seemed to be support

for Bruner's theory based on data provided by Stan and other

students, but there was also evidence that a student with

poor linguistic skills and with littie ability to recall her

knowledge would have some., trouble organizing her perceptions

to make connections batween ideas.

Play was found to bo an important activity for all of

the students involved in the wetland study. Some, like

Steve and Denise, played with the equipment that was

,tovided while others, like Stan and Dana, involved tate

samples themselves in their play. Although Stan seemed to

be a very serious child, he often talked to the specimens as

he was examining them. Dana also played with the samples,

but rather than talking to specimens, Dana talked about them

as she incorporated her observations into stories. Stan's

play involved talking to sp(4.zimens as characters in his

games while Dana's play involved talking about specimens as

characters in her narratives.

Several researchers have recognized the value of play

in the development of ideas. Bruner (1983) recognized that

play could provide a medium for exploration and also for

invention of ideas. Hawkins (1965) argued that children

need to be provided with equipment appropriate for science

discovery and be liven time to "mess about" with concepts.
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Bloom (in press) also emphasized the role of play in

providing students with a context through which they could

explore their understanding abou.i: an unfamiliar situation.

Play is an essential part in children's development of

understanding and in their ability to solve probless

(Bruner, 1983).

processes Involved in Sense Makina_Behaviour

Play appeared to be one process students used to make

sense of concepts within the wetland study. Other processes

also seemed to be contributing to students' sense making as

they examined samples from the same area over several days.

The students often referred to their observations from

previous days and made comparisons. As they talked, the

students seemed to recognize that certain features of the

wetland environment would Change rapidly while others would

not. Their observationa seemed to establish rules about

what could be expected in a wetlanc..

Expectations about what may happen in a particular

situation are developed as information about a situation is

assimilated into existing knowledge structures (Bransford &

Johnson, 1972; Anderson, 1984). Many examples of students'

talk outline their attempts to make sense of unexpected

events, such as the sudden disappearance of catfish from the

bay, or the discoveries they made about how specimens

changed when they were bottled. The data indica*sd that all
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of the students made attempts to explain the unexpected,

suggesting that they had all develcped a set of expectations

about the environment.

The clearest oximple of how the students estiblished a

set ef expectations, and Imles to describe the wetland

environment relates to their perceptions of pollution in the

environment. Every student had some sense of the presence

of pollution in the environment and how it affected it.

kAveral students suggested that pollution levels could vary

in the water and suggested cause and effect relationships.

Mc students provided clmes about how they thought about

specific problems but they did not always offea: consistent

explanations for events. For examplu, Steve explained

within the same cement that pollution levels could go up or

down, but then stated that factories just keep producing, Iv)

pollution levels must always go up.

Larkin and Rainard (1984) suggested that students can

create a set of rules to apply to a problem situation and

can use their rules to sssess the consistency of their

current knowledge. Larkin and Rainard applied their problem

solving model to physics problems and suggested that their

method could be used as a means of explairing physical

principliis when students were confused or resistant to

instruction. While the method may lead sWdents to an

Ixamination of the consistency of a physical model, it dc:s

not seem to be applicable to a biological system. Although

15 u
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the students had a sense of how changes in the environment

could be related to pollution, they were not able to provide

consistent explanations for events.

There seem to be two reasons that Larkin and Rainard's

(1984) model was unsuitable for solving problems about the

wetland environment. First, the environmental system

contained too many mysterious e:ements for the students to

be explained by a consistent set of rules. Second, if

students are unaware of inconsistencies in their own

arguments, then it may be difficult for then to recognize if

conditions set by their current understanding of the

situation have been met or not. For example, when the

students were considering whether or not tiny organisms must

eat, they relied upon their existing knowledge about

biological systems and their own need for nutrients. The

students could not actually see how tiny organisms obtained

nutrients and there was no evidence to suggest how, what, or

even if the organ4sms ate.

Inconsistencirl in students' ideas occurred throughout

the wetland study and students were found to interpret the

same situation in different ways. These findings are

consistent with observations made by other science

researchers (Driver & Bell, 1986; Champagne & Rlopfer, 1984)

that students can construct different understandings about

information than are evected by an instructor. Hawkins

(1965) emphasized that children must reach an understanding
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of scientific principles by their own path if they are to

develop insight. Coming to different conclusions about the

same events may be an unavoidable step in developing an

understanding of scientific principles. As educators have

discovered, trying to force students to accept one view of

ever leads only to resistance and frustration (Linn,

1987).

In order to surmo,:nt the inconsistencies in one's

understanding about events, the questions seem to have to

come from the student. Duckworth (1986) demonstrated that

adult students became more interested in examining their

beliefs only after they had begun to notice inconsistencies

in their own understanding about a situation. Fisher and

Lipson (1986) suggested that having students examine their

own errors could be used as a tool for encouraging them to

reflect on flaws in their logic. As the students in the

current study talked about their discoveries, they often

edited and ;uestioned themselves. It would be interesting

to examine how the students' understanding about the wetland

environment could be affected by encouraging them to examine

inconsistencies in their own arguments.

As the wetland study progressed it became evident that

the students were building an understanding about the

environment based on new information and on their current

knowledge related to the situation. Aisalysis of Dana's talk

in particular indicated that she was using her existing
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knowledge to make sense of new experiences. She was

intrigued, for instance, by the way samples changed when

they were bottled. She returned to the idea several times

on different days. As she talked, she spun stories

explaining how samples could change. Her stories were

different, but they shared some of the same elements,

suggesting that she was constructing an understanding from

some knowledge base.

Schiin (1988) argued that stories often help learners to

transform knowledge. Schiin's ideas are discussed in the

next s,ation. The sense making process used by Dana is

described here as en example of schema theory.

Schema theory suggests that learners construct

knowledge from their experiences to make sense of the world

(Champagne & Klopfer, 1984; Osborne & Wittrock, 1983;

Anderson, 1984). Within the wetland study, two particular

ways of making sense of the world were outlined. Stan was

(lescribed as a scientist, while Dana was described as a

storyteller. Throughout the unit, St3n used his knowledge

about wetlands to explain his observations, while Dana used

metaphors ani stories to explain her observations. Stan's

r,revious experiences seemed to prepare him to explore his

environsInt in quite a different .idy from Dana yet in some

way they were both found to be building new icnowledge by

explaining new observations through their available

knowledge bases.
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It would be presumptuous to imply that one view of the

world was correct while another view was incorrect. Both

Stan and Dana interacted with their environment and sought

explanations for events. Based on their current knowledge,

their understanding of the world and their ability to link

ideas, they each suggested solutions to problems encountered

in the environment. Prior to beginning the study, Stan had

a well developed understanding about the wetland

environment. His existing knowledge about the world

included schemata for assimilating new information about the

wetland. Stan was able to readily link ideas about the

situation and to recall information about wetland organisms.

Dana had had little or no prior experience. She made few

links between pieces of information about the wetland and it

was extremely difficult for her to recall information.

Champagne and Klopfer (1984) discussed students'

inability to construct a consistent explanation about

scientific principles. They suggested that students could

have "naive schemata," which created loose links between

ideas. If students have not been able to sort and to

categorize information and to create links between related

ideas it can be difficult for them to recall and to

consistently apply their knowledge (Champagne & Klopfer,

1984). Data provided by Stan and by Dana in the current

study support the argument presented by Champagne and

Klopfer (1984).
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Three questions were used to outline the first purpose

of the current study, asking (a) how do students express

their understrnding of concepts, lb) what are the common

characteristins of students' talk, and (c) what processed do

students use to make sense of concepts. Three

characteristics were found to be particularly important in

explaining how students expressed their understanding.

Differences in students' expressions about th_ir

nnderstanding could be linked to their Ability to express

themselves articulately, their ability to relate past

experiences to the new environment, and their confidence

about their abilities to express themselves. Two common

characteristics found in studentsv talk were their attempts

to classify their observations and their play with the

samples as they talked. Finally, two processes were

described that students used to make sense of the wetland

environment. The student; were found to create "rules" to

explain how events could happen in the environment. A

"rule" was defined as a guide used by a student to make a

prediction about the wetland environment, based on an

expectation. All students, for example, linked levels of

pollution to the amount of waste tnd garbage dumped into the

lake. The "rules" used by the students varied greatly and

were not always consistent. Stan, for example, could

explain that samples kept in bottles changed as a result of

stagnant water and reduced concentrations of oxygen while

1"
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Dana explained the same problem by saying that organisms can

will themselves to undergo physical changes to suit their

new environment. Larkin and Rainard (1E)6) argued that

students can create a set of rules and test their

consistency. Evidence from the wetland study refutes their

claim about the value of using rules to create consistency

and reduce differences between students' understanding.

The second process students seemed to use to construct

an understanding about the environemt was to sort and

categorize information and to build new links in their

existing knowledge base. Evidence from the wetland study

supported schema theory.

The next section of the discussion examines how well

each data collecting method worked in revealing information

about students' understanding. The relevance of the

techniques is discussed with respect to the design of the

study, examining techniques that work best for an instructor

who is also the data collector in a qualitative study..

Bffectiveness of the Data Collecting Methods

Two questions were used to focus the critique of

methods used in the study First, which data collecting

methods produced the most robust data. Second, what were

the strengths and limitations 1 each method. Drawings are

discussed first, followed by teacher hand outs, field notes,

tape recordim and the several parts of the interview



148

techniques incorporated into the study. The section ends

with a discussion of how the variety of methods led to

similar conclusions about the data, suggesting that

methodological triangulation confirmed the internal validity

of the study.

Although students usually enjoy drawing, it did not

seem to be a particularly useful technique in the current

study. The students had to use makeshift leeks and contend

with winds, which contributed to their lack of enthusiasm

for the task. The drawings were useful, in one sense, as a

different source of data. They did confirm several

perceptions I had of the students' ideas from their talk.

would use drawings again when better facilities were

available for drawing.

The teacher made hand-outs did not work at all as a

method for collecting data. They seemed to be out of place

within the context of the study. Although I might use hand-

outs as part of my cairriculum, within a study in my own

classroom, I would not include them as a data collecting

method except as artifacts of the classroom culture.

Field notes were made daily by me as a record of what

had occurred. They discussed details of the curriculum, my

feelings about what had been accomplished each day, notes

about the students, about the setting and how it was

changing, and notes about the students. As I re-read the

notes several months after the unit had been completed, I
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felt t)-at they were adequate in reminding se of the feelings

I had as the unit was progressing. It was extremely helpful

to re-read my notes as I transcribed the tape and as I began

to formulate the analyseis. Re-reading the notes provided me

with insights I had not recognized at the time I was writing

them.

One problem with writing field notes a* a participant-

observar rather than as an observer was that, even an hour

after I had left the site, I felt that I had forgotten

important points I should have mentioned. Notes made by a

second observer on the fourth day of the study and by me on

the same day reflect the difference between the perspectives

of the observer and of the participant-observer but they

also provide evidence of agreement between two observers'

perspectives (Appendices H & I).

The observer's notes caught bits of conversation that I

had missed, such as the students' convw-sations with other

campers who were not involved in the study. I was far more

concerned about the curriculum and its presentation than I

was about the students' conversations while walking between

the playing field and the shore. The two sets of notes

confirmed some student behaviours, such as Diane's reticence

and Dana's tendency to withdraw from the group. Agreement

between the two sets of notes helped to validate the

observations about the group made by me. There were also

comments in the observer's notes about my behaviour as an
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instructor and how it affected thc students' responses. I

could not make such objective observations from my position

tas participant-observer. As I continue doing research in my

own classroom, I will focus sone attention on improving my

skills in taking field notes accurately and completely, and

continue to seek outside observations to confirm or refute

my own observations about the situation.

The moat valuable resource available to me throughout

the wetlard study were three tape recorders. Although the

students' talk was sometimes drowned out by background

noises such as the wind or low flying planes, or lost

because the students had moved away from the tape recorders,

the tapes provided the clearest possible portrayal of each

day's activities. As the students became less aware of and

less interested in the tape recorders over a number of days,

the transcripts became increasingly valuable sources for

analyzing students' talk about their understanding of the

wetland environment. I learned how to use the tape

recorders more effectively, planning activities to limit

students' movement away from them for longer periods of

time. I would definitely use tape recorders in other

ethnographic research studies and would like to augment

audio tape with video tape recordings.

The richest recordings of students' thoughts were made

while the students were working in well matched pairs and

while the students were being interviewed individually by
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me. When the students were well matched, they talked freely

and they seemed to provide for one another an intellectual

scaffolding (Greenfield, 1984). An intellectual scaffold

provides learners with support, it allows them to accomplish

tasks they could not accomplish without it and it is offered

only when it is needed.

Stan's interactions with Scott and Steve illustrate the

concept of intellectual scaffoldivg. Stan and Scott both

indicated that they had enjoyed uorking with Stan a great

deal. Osborne, Bell and Gilbert (1983) claimed that there

is a natural tendency for students to respect and seek the

opinions of a student who present clear and consistent

explanations for events. Without being obviously aware of

his actions, Stan provided the two boys with clear and

consistent support. He supplied them with information about

the wetland when they needed it, he encouraged them to test

out ideas they would not likely have tested on their own and

when they did not need support, Stan did not offer it.

Greenfield (1984) suggested that effective teaching

involves a process of intellectual scaffolding. The concept

of intellectual scaffolding incorporates some elements of

Schtin's (1988) argument describing how experts can coach

novices. Schft's work is discussed more thoroughly in the

next part.

When the students were working with me, they all stayed

on task, answered my questicls, and revealed information

1.6o
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about their ideas that was not often discussed when they

were working with other students. The iLterviews were,

therefore, an extremely important source of information.

The value of each method used for collecting information

during the interviews is discussed below.

effective Methods for Collecting Data During Interviews

Three methods were used for colleuting data during the

three sets of individual interviews. During the first and

the third interviews, students were asked questions about

pictures related to wetlands and of wetland organisms.

During the second interview, students were asked to complete

ten questions demanding a metaphorical response. In all

three interviews, the majority of the time was spent

examining and talking about freshly collected and bottled

water samples.

Questions about pictures was developed as a way of

focussing students' thoughts on one part of the picture at a

time. It was inspired by Gilbert, Watts and Osborne's

(1985) Interview-About-Instances tLzhnique. Questions about

pictures were useful in the first interview because they

provided an initial focus for the discussion about the

wetland. The students' answers indicated how much they knew

about the wetland environment before they arrived at the

camp, and how they talked about ideas when they were asked

about issues that were unfamiliar to them. Unlike IAI
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interviews conducted by Gilbert et al. (1985) students' use

of particular words about the environment were not examined

to compare students' 4voryday use of language with

scientists' use of language. The linguistic comparison is

not as well c4ited to studies in environmental scienc as it

is to studits in physical sciences.

/n the study design it was decided that the same

Lactures should be shown at the end of the study as at the

beginning in order to compare students' responses at the

beginning and at the end of the study and to validate the

method. In the third interview, I asked some questions

differently because the students' experiences and talk about

their experiences throughout the unit suggested to me that

the original questions asked would be inappropriate.

Although the pictures were useful in focussing students'

talk on specific ideas during the first interview, the

technique did not work well when it was repeated duriag the

final interview.

The metaphor interview technique, raquesting students

to complete ten statements about the lake wit:. a choice of

five words, was not particularly useful. The students did

think about their choice of answers for the first seven

questions, asking them to complete statements like "I am to

the lake as...." (Appendix I). The students provided

thoughtful explanations for their choices and some of the

information supported the analysis of students' ideas about

1 62
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the wetland, outlined in Chapter 4. As the framework for

the analysis developed, it became clear that .he metaphor

interview did not fit well into the structure.

There seemed to be three major problems with using the

metaphor interview as one data collecting tool among many.

First, I found that the last three questions I asked were

difficult for the students to answer and wers frustrating

for many of them. These questions were set in the format "I

am to the lake as...(a storyteller is to a story; a listener

is to a story; or an animal is to a story]." I would not

use this style of question again with elementary level

s'udents. The second problem with the method seemed to be

that it did not work well In conjunction with other data

collecting methods used in the current study.

I found that the metaphor interview (Snively, 1983) was

time consuming and I was able to use a limited amount of

information from the transcripts in the analysis of what

students understood about the lake. When I examined

transcripts made at other times during the unit, I realized

that the curriuclum I had developed encouraged studerts to

create their own metaph,rs about the wetland environmant.

uy requesting them to complete the metaphor interview

(Snively, 1983), I was imposing an activity that was too

structured in comparison to the other activities I had used.

The most important information About the students'

understanding of the wetland environment was revealed as

1C3
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they were talking about water samples. While they were

working with the samples, the students cfmald talk freely.

As they talked, they rvrealed inforration about how they

thought about problemb, how they orally sorted ideas, how

they created metaphlre illustrating their perceptions about

their observations, and how they played. I asked them

questions to encoura' their talk and the students were able

to lead the interview in directions of interest to them.

As the students were completing their examination of

samples during interviews, I asked questions ncouraging

them to think about the size and scale of species

populations in the wetland area they were examining. I

liked the format for interviewing students while they were

examining water 4.amples. The interviews were open enCed and

the students seemed to answer questions most freely when

they were able to work with a sample as they talked. They

were willing to think about tough questions after they had

had a chance to play with materials. Vygotsky (1978) stated

that "children solve pratical tasks with the help rf `_1,tar

speech, as well as with their eyes and hande (p.26).

Evidence from tne current study supported V)4otsky's claim.

The .3bservation zhat children were bble to answer tough

questions more easily after they had had twortunities

interact with materials supports Schiin's (19841 claim that

students need an opportunity to "del before they can make

sense of what a teacher is saying. Schón (1988) argued fhi.t

1C4
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there must be a °reflective transformation° through which

students use a familiar situation, such as playing with

water, to explore a new context, such as explaining how the

water can support living populations.

The transformation creates new sense for the student

about the situation and the experience, which can be

demonstrated through their talk. The students' interview

transcripts in the wetland study contained a number of

metaphors and stories. Schiin (1988) argued that reflections

about observations are often embodied in stories. Interview

transcripts and observations about students' behaviour

during the interviews supported Schtin's (1984, 1988) claims

that students need to interact with materials in order to

reflect on their understandings and that metaphors are used

as tools for transforming understandings.

The value of each data collecting method used in the

study has been reviewed. Tape recorders were invaluable for

recording data and for increasing the internal validity of

the study. Field no.-es were helpful in returning me

mentally to the research site several months after the unit

had been completed. The drawings revealed some interesting

information but they were not completed under ideal

conditions. The teacher created hand outs were useless for

collecting data.

Asking questions about wetland pictures helped to focus

students' ideas and talk during the first interview, but
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they wera not particularly helpful during the final

interview. The metaphor interview generated a fair amount

of data but it did n' :provide information that fit well

into the framework for the analysis. Open ended interviews

allowing students talk as they manipulated materials

revealed the greatest amount and the richest information

regarding students' ideas about the wetland environment.

As the analysis progressed, it became clear that

information about the students was revealed through a

variety of methods. I could refer to transcripts made using

different data collecting methods to confirm my perception

of ths students' understanding about the wetland. The

overlap of information produced by different methods

suggests that methodological triangulation added internal

validity to the wetland study. This confirmation of

internal validation suggests that a long term study

conducted by an instructor acting as a participant-observer

can represent a valid piece of educational research. It

also suggests that there is a place in educational research

for more research done in classrooms by teachers.

The final section of the chapter discusses implications

of the study, suggests weaknesses in the study's design and

suggests questions that could be followed up in a subsequent

study.
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Conclusions

The major implications of the study relate to

observations made about how students process information.

The students involved in the wetland study came from a

variety of backgrounds, had a range of experiences

applicable to the wetland study and heL. different

understandings about the world. There were some common

characteristics in the processes used by different students

to make sense of information. Even though they were all

exposed to the same situation for nine days, the students'

understandings about the wetland environment were very

different. The differences between students' understandings

suggest some implications of the study.

There were several data processing strategies used by

all atudents involved in the wetland study. They all played

with the materials presented tc them, they all searched for

ways to organize and categorize their ideas aa they talked

and they all created metaphors to describe their

observations. The students seemed to develop a set of

expectations about the wetland environment.

As the unit progressed, it also became clear that all

of the students made reference to earlier observations about

the wetland environment to confirm and clarify thimir

understanding about new data. One of 'le most valuable

features of the wetland study as a research study was that

it encouraged students to examine one topic for an ex;ended
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period of time, allowing the researcher to discover how

students could create knowledge and make reference to their

newly stored knowledge as they made sense of related

information.

In spite of the fact that they used the same mechanisms

for processing information, the students came to very

different understandings about the same situation. Although

all of the students had some expectations about the wetland

environment, there was a range of views. Some students,

like Stan, were able to discuss interactions between several

features of the environment and to describe their

understandings from a fairly consistent perception of the

wetland. Others, like Dana, could concentrate on only one

feature of the environment at a time. Their explanations

about specific events were inconsistent with explanations

about other eveints occurring in the wetland environment.

When Dana did follow one situation over several days, su<A1

as her talk about what happened to bottled samples, her

ideas were found to contain a certain amount of consistency

in themselves but bore little resemblance to a se_Intific

perspective for understanding the situation.

There are two Implications for slementary science

teachers. Studenta who are already articulate and

knowledgeable when they begin studies can readily assimilate

new information. Students who have well developed schemata

can create links between ideas and can be encouraged to

16,S
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examine gaps in their own perceptions. Students who are not

as articulate or as knowledgeable cannot readily assimilate

new information and cannot use their thoughts well to

organize their perceptions.

It was also found that students who were articulate and

confident tended to support one another. Stronger students

seemed to be most willing to help their weaker peers when

they felt that each person could benefit from the

relationship. Weaker students who had trouble articulating

their views and who had little confidence tendk.d to be

cstracized by the others. Peer interactions seemed to

provide the students with opportunities to taa about their

ideas. Weaker students did not get the same opportunities

and their ideas were not as often challenged or supported by

others. Evidence from the wetland study suggests that all

students ne, to talk about their ideas through play and

with peers to organize their understandings.

Two suggestions are made about elementary scifmce

education, based on the findings of the study. First, the

teacher can provide students with materials related to

undlrstanding a set of scientific principles and

opportunities to play with the materials dhile instruction

continues. In addition to offering students opportunities

to play, the: findings of the current study suggest that it

is equally important to p.ovide students with opportunities

to build their vocabulary for categorizi-1 and organizing
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their ideas. Students need to be encouraged to talk ubout

observations.

Weaknesses of the Study

Several suggestions for improving the study have been

discussed in the last section, outlining the value of each

data collecting method. Field notes could have recorded

more detail and reflected more information about the

dynamics of the study as it developed. Some of the data

collecting methods were time consuming and not particularly

useful. Their presence in the data created confusion about

how to design the analysis. The two most important weakness

in the design of the st-Ady were the choice of setting and

the length of the unit.

The setting was chosen for practical r3asons--

uncertainty about where I would be working in September and

the need to complete the data collection before losing a

full year due to scheduling complications. I am grateful to

the camp directcrs for allcwing me to fit my study into

their camp schedule, but it would have been extremely

helpful to have had a place where the students could sit to

draw, or to write, or to examine samples quietly and out of

the wind. The unit was long enough to complete the tasks I

had provided but it was not long enough to fully examine how

students' understanding abop.t concepts could be shaped ovel

time.
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LusiLeittqw_Igg_a_121121fjuLataily

Several questions occurred to me as the analysis

developed. Two of the main questions I would like to

consider based on the findings of the current study are:

1. How can students' metaphors be used to build their

vocabulary to increase their ability to talk about

observations as scientists?

2. How can a teacher structure students' play with

materials to encourage talk about observations

among the students, in the absence of the teacher?

Other questions I would ask within an ethnographic study as

a participant-observer would be:

1. How is the teacher's perspective interpreted by

the students?

2. What iz the teacher's influence on the student's

understanding?
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APPENDIX A

SUMMARY PROPOSAL

fiummaxy_a_a Study to Understand 119w Students Lamm

I am 2 graduate student at the Faculty of Education at
Queen's University. As part of my Master's thesis, I am
currently developing a study unit about lake ecology for
children aged 10 to 12 yeare. The purpose of my research is
to examine a number of ways of finding out exactly what
students understand about vhst they are learning. I am
particularly interest:4 in exploring how the language that
children use to describe their experiencas relates to their
understanding of concepts being taught in a class.

I have written this summary because I would I1ke to teach
the lake ecology unit during the summer and to work with a
group of ten to twelve students for two weeks. Since the
unit I wish to teach involves a wetland habitat, it should
be presented in a setting 'win as a summer day camp
programme. The next two pages aumEarize the reasons for the
study, its purposes, the methods I will use in teaching the
unit and what I will be doing with the students, including
ethical issues related to the study.

As an elementary school teacher, I have bean troubled by a
number of students whose progress in school is difficult to
monitor because they understand concepts differently than
the experts in a subject area. The problem is particularly
prevalent in science because students are often presented
with "laws of niture", which in fact are simply explanations
that stand up to criticism. Often students have a non-
scientific understanding of the same concepts yet they
nccept the "laws" as presented by an authority in the
subject even if the logic of science makes no sense. When
that happens, it becomes extremely difficult to excite
students about learning science.

The current study proposes to examine students' orientations
and understanding about science concepts as they learn about
lake ecology. I want to listen to students talk as they
play with ideas, and look at how they make sense of a
wetland environment. The two purposes of the study relate
to methods of assessing students' understanding and to how
instructional methods affect students' understanding.

All c. the students in the lake ecology group will be asked
to complete an interview with me prior to the first class.
will interview the students at the day camp and each

interview will take no longer than one half hour. The

1
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initial !Lnterview aill give mo an oppo-tunity to meet each
student and will provide me with information about how each
student views lake ecology initially. For example, is the
student concarnsd about the onvfroment, or is the lake most
important because it is fun to 1.lay at the beach? Based on
the iniorviews, six of the students in the class will be
selected as students whose work will be collected and
analyzed for he purpoirks of the siady outlined above.

The lake ecology unit will be the same for all students in
the group, including tho tasks that are designed for
collecting data for the researdh study. Data on the aix
students selected for the study will be collected by a
number of methods. They will work in groups and
individually to complete tasks, to perform experiments msing
a variety of materials supplied by the researcher, to solve
puzzles given a nuaber of clues, and to share their
discoveries by making short ,aresentations, by writing
stories, and by drawing.

The six participants in the researdh study will be
interviewcd about their understanding of the main denempts
being explored within the unit at different times d1ng
instruction. The particants will be asked to solve a
problem during an interview and to talk about their method
of working through the problem as they complete it.

Field notes will be made throughout the unit and will
include notes on observations about the students,
photographs of the students and tape recorded discussions
and interviews with the students. The six students whose
work was selected for analysis will be asked to participate
in an interview four weeks after the lake ecology unit has
finished, in order to assess whether their conceptup'
orientation has changed from the orientation held prior to
instruction and from the orientation expressed at the end of
the curriculum unit.

Prior to beginning the study, all students in the course
will be given a nc.le describing .e study for them and for
their parents. %act. ctudent must return a note signed by
his or her parents fmnsentIng to the student's participation
in the study. Subjects' ri9hts to anonymity will be upheld.
Prior to working with the students, the study proposal will
have been passed by Queen's University Ethics Comxittee.
Subjects in the study will be tr ated fairly and with
consideration.

would greatly appreciate the opportunity to work with a
group of 10 to 12 year old campers to prcvide them wiAh a
chance to explore a water environment, and to i.ovide me
with a group to study.
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CONSENT FORM

Dear Parent or Guardian,

170

May 24, 1989

I am a graduate student at Queen's University. As
part of my studies I want to work sil*.h children aged 10 to
12 on a wetland ecology study. I will be working with a
small group of children at Camp *********** during the first
camp session in July. I would like to have your permission
to use any information that vour child provides toward my
study.

In order to better understand how children think and
learn, I will be working closely with a small number of
children in my study. As a teacher, I believe that I can
provide some insights about how children learn biological
concepts. In order to do that, I will need to observe
children as they work. I will be using cassette recorders
to aid my research. I will a.Lso collect samples of
children's writing and artwork. All information that I
collect will be confidential.

Your chi2d may refuse to participate at any time
during this research project with no risk of such a decision
being held against him or her. If you have, now or later,
any concerns or questions about the research, feel free to
discuss this with me by phoning me at 549-7958 and/or with
the Dean (Prof. Paul Park) or his delegate.

Thank you for your support.

Sincerely,

Carol Hulland
BSc, BEd

PLEASE RETAIN THIS SECTION FOR YOUR RECORDS

PLEASE RETURN THIS PORTION

, give permission for my

child, , to participate in a
study being conducted by Carol Hulland of Queen's
University.

(Parent or Guardian's Signature) (Date)
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Photographs Used During interviews

Source: Ontario.PeCeration of Naturalists (1979, summer).
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APPENDIX D

Netaphor Interview Questionnaire,

Source: Snively, G. (1983)

The questions were asked orally, suCh as "moss is like a..."
The atudents were then given fivP colour coded cards for each
question and asked to Choose the one that best completed the

. sentence.

PartI: The lake A.s like a...

i) ii) iii) iv)
factory potluck dinner farm family
painting necklace dance jewel
house town graveyard spaceship
battleground playground hotel garden
legend song gift patchwork quilt

Part II: **** is like a...

i) moss ii) sun iii) mud iv) lake water

garden jewel pillow diamond
banana peel furnace tunnel factory
curtain gift piano dance
forest lamp potluck dinner soup
patchwork quilt factory city theatre

Part III: I an to the lake as...

i) a lock is to a necklace
a bead is to a necklace
atring is to a necklace

iii) r. storyteller is to a story
a listener is to a story
an animal is to a story

ii) leaves are to a tree
roots are to a tree
bar): is to a tree
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APPENDIX E

TEACHER HAND-OUT fl

July 58 1989

Name:

How old are you?

What is your favourite summer activity?

What new thing lid you find out about the water around ****
Island?

Take a look at the water samples.
DRAW! WhAt do water bubbles look like in:

a) a full! jar?

AN EXPERIMENT
Jar A3 -We filled one jar
Jar B: We filled one jar

Make an hypothesis.
If we keep our samples bottled
living things?

YES

Jar A

b) a haix full jar?

completely full of lake water.
half full %if lake water.

for a few days, where will we see

NO NO DIFFERENCE

Jar B

On Friday, we'll open the jars and see if you were right!
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APPENDIX F

TEACHER HAND-OUT #2

Becoming Acauainted With a Specimen

CHOOSE AN INTERESTING SAMPLE.

TRY TO FIND OUT HOW IT WM.
DOES IT H.V.VE EYES? LEGS? AN ARTICULATED BODY?

AFTER YOU HAVE TAXEN A CLOSE AT IT, DESCRIBE IT!

(list three words that describe how it looks)

THEN DRAW IT!
(label features like eyes, etc.]

184
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APPENDIX G

WETLAND UNIT CURRICULUM OUTLINE

The outline presented below was prepared prior to the
beginning of the study. Although it was followed fairly
closely, there were some changes. Day 5, for example,
turned out to ba an indoor day. I took a water sample to
the students but the auditorium turnee out to be a terrible
rlace to run the study, so it was essentially a lost day.

I. Day 1 (Tuesday)
A. meet students, introduce self and study
B. hand out paper and pencils - studentm given 20

minutes to depict their view of "Life in a
Wetland"

C. individual interviews
1. ask students "yes" or "no" questions about

wetland pictures, then encourage to talk
about response

2. examine a freshly collected sample of marshy
water

3. bottle one sample of water in Mason jar - to
be examined by students in a few days

D. TAPE RECORDING, DRAWINGS, FIELD NOTES, INTERVIEWS
II. Day 2 (Wednesday)

A. start with a game of "Survival" so students get to
know each other and get a perspective of
populations in the wetland environment

B. experiment: collect full and half full jars ox
marshy water - notice differences in bubbles and
examine again after a few days

C. water sampling: use Hand-Out #1 to erk:ourage
students to think of words to describe their
observations and to draw one of their observations
1. students working in smaller groups (3-4 per

group) for 20 minutes
2. fin4sh with 5 minute wrap-up and sharing time

D. TAPE RECORDING, HAND-OUT, DRAWINGS, FIELD NOTES
III. Day 3 (Thursday)

A. play "Survival"
B. water sampling: begin to encourage students to

look for clues to how organisms eat, protect
themselves, hide, reproduce, MOVE - give them
Hand-Out #2 to make notes and drawings
1. students working in groups of 3 for 20

minutes
2. 5 sinute wrap-up

C. TAPE RECORDING, HAND-OUT, DRAWINGS, FIELD NOTES
IV. Day 4 (Friday)

A. begin with new game, "Environmental Tiide and Seek"
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B. xamine bottled samples collected on Days 1 and 2
C. water sampling: in small groups again

1. today, focus on comparisons with other days
2. collect new samples for bottling and

examining later
3. introduce pH testing kit

D. canoe trip for 3 students w look at marshy bay
from a different perspective

E. TAPE RECORDING, YIELD NOTES
V. Day 5 (Monday)

A. begin with *Survival°
B. water sampling - working in partners

1. look for a situation in the wetland that can
create conflict in students' understanding
about life in the wetland

C. examine samples bottled in first week
D. TAPE RECORDING, FIELD NOTES

VI. Day 6 (Tuesday)
A. begin with game of students' choice
B. water sampling: working in pairs

1. focus on movement of organisms and new or
different observations from previous week

2. draw and label one organism after careful
observation

C. TAPE RECORDING, FIELD NOTES, DRAWINGS
VII. Day 7 (Wednesday)

A. start w 1 new game, a competition to be the first
team to reate a circle around two large
neighbouring trees using only scissors and one
letter sized sheet of paper

B. individual interviews
1. questions about whet has surprised students

about the wetland
2. metaphor interview
3. water sampling - talk about a sample as it is

examined
4. bottled samples - talk about observations
5. questions to encourage speculation about

numbers of organisms living in the wetland
area

C. TAPE RECORDING, FI7LD NOTES, INTERVIEWS
VIII. Day 8 (Thursday)

A. begin with demonstration - dispersal of one drop
of green food dye into water - incx.easing surface
area without increasing volume

B. water sampling: in pairs
1. focus on how spell organisms can function,

considering their compactness (consideration
of volume and surface area)

C. TAPE RECORDING, FIELD NOTES
IX. Day 9 (Friday)

A. wrap up session
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1. begin by drawing a picture to illustrate
"Life ia a Wetland"

B. water sampling - whole group
1. look for anything new in water, not

previously encountered
C. TAPE RECORDING, FIELD NOTES, DRAWINGS
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APPENDIX H

PARTICIPANT-OBSERVER'S FIELD NOTES, 7/7/89

I stopped at Radio Shack to buy a magnifying glass and
4 "Cm batteries. They no longer stock the small magnifiers
I wanted, so I bought just one large one.

Mary (the second observer) arrived at the camp at the
sane time as I did--shortly after 10:15. We put out the
materials and I brought out the samples we had put away two
days e1ier to examine again. Some of the samples of water
from the site have a strong sulphur smell. I didn't go into
it today, but over the next week, I want to develop some
concepts regarding the samples themselves--how we have
altered the ecosystem and changed such things as influx of
nutrients, concentration of oxygen, and so c. .

The five students from the "G" group (t' _ Gophers)
joined us promptly at 10:30. The remaining "gophers" in the
study are Denise, Dana, Steve, Stan and Scott. In some
ways, either because she is isolated from the other members
of her group during these sessions, or because she is
slightly older, or for other reasons, Diane remains somewhat
aloof. I will write more about this farther into the notes.

GAM/
We began with a game in which all but one person was to

hide while the remaining one searched for the others. The
purpose of the game was to give the group an opportunity to
feel the environment from the perspective of a small,
ground-bound animal. When we talked about it informally,
both Stan and Denise mentioned that they had felt small and
insignificant when they crouched low in the grass while
playing "Survival."

The other purpose for the game was to give me a chance
to collect Diane. Her group was working in the field and
her leader had not remembered to send her over to join us at

10:30.
Dana volunteered to be the first person to search for

the others. They were given a few minutes' head start.
Dana apparently ran past each of them, looking neither left
nor right of her path. Scott said that he had been standing
just off the path to her right and she had not noticed.

After I had called Diane, I sent Diane and Dana both
off to search f:r the others. When I went down the path a
minute 'liter, all the kids had gathered and were returning
to the field on their own. Dana, meanwhile, had walkod to
the far end of the path, but did not seem to be searching

for anyone. We wait d for her before we returned to the
work site.
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final/
I turned on the tape record4rs when we got back to the

sample collecting sitee We looked briefly at the samples
collected earlier, and I asked the students to take a look
at the work sheet I had prepared for them. I then left them
to work as they wished, but checked in with each of them
over the next 30 minutes.

During the session, two boys came over tc watch. One
of them hung around the day before as well. Today, he told
me that he wished that he had signed up for the group. That
seems to be a good sign that the group seems happy and
involved in what they are doing.

Denise: I looked at the shrimp we'd left in a water filled
petri dish. It had shed its coat overnight and
was still alive. Denise immediately made a
drawing of the organism. She did not refer back
to the sample as she drew. She seemed to be
drawing to satisfy my request, but wanted to get
it over with quickly.
When I asked Denise if there was a difference
between the shrimp and its shed coat, she said
there wasn't any. When she finishcd talking to
me, Denise moved to the water and remained there
looking for interesting specimens for most of the
rest of the session.

Dana: She wandered around for is while, vaguely looking
at some of the bottled samples. She watched Steve
work with the microscope for a while. I pointed
out some samples to Dana, suggesting that she look
for specific features of the organism. She drew
one organisms and told me it was a catfish, but
there none were caught this day. She gave the
specimen feet in her drawing.

Diane: Diane remained aloof. She would not sit down to
examine samples. When I asked her to look at a
spider on the surface of the water, she did not
turn her head toward it to look more closely.
Diane did comment on the shrimp's cast off skin
and she offered some suggestions about it. Did I
limit her response? I must check the tapes for
clues.
Diane's drawing was of the shrimp shedding, drawn
shortly after I had asked for a drawing. After it
had been completed, she wandered around, not
seeming to have any particular focus for the
remainder of the session. No...near the end, I
put the water spider into a glass jar and showed
it to Diane like that. She commented on its
silvery belly and became animated as she talked.
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Stan: Stan was searching for catfish again today. At
one point, Diane pointed out to me that there were
some catfish near the Shore. I tried to catch
them using a seive but they got away. Stan and
Scott came down and looked in the reeds but they
could not catdh any, either. They did catch what
Stan called a gar pike. They also found a water
spiler.
Stan spent most of the session in the water,
collecting samples. Among other things he found a
tuber with small roots on it. This vas put into a
sample bottle for later examination.
Stan did not draw a sample. Did he avoid drawing,
or just not have time for it? Keep watching for
clues.

Scott: Scott joined Stan for a *Mile in the water. He
came back to shore and began looking at the
bottled samples. He seemed to be particularly
interested in the fish Stan caught. His drawing
was of the gar pike.
Scott wanted to work with the microscope near the
end of the session. He did not stay with it for
very long.
Scott is so quiet that it is hard to know what he

is thinking. I will have to watch him more
carefully next week.

Steve: Steve wanted to examine the bottled samples using
the microscope. He called me several times to
look at what he had found. In the end, he settled
on drawing the gar pike.

Questions arising from the session
All of the drawings were very superficial. The most

elaborate was Steve's, but I am not sure whether he was
d-awing it from his memory of a fish or from his
caservations. I am wondering whether the kids just want to

rush to get back to the more interesting task of examining
and collecting water samples. I want to push this idea
further, asking for other drawings but focusing on greater

detail in their drawings.
While it is true that I now have a select and biased

group of six students, I am wondering how much of their
interest is based on prior experience with biological
exploration, and how much on other factors (like, they've
been to this camp for the past four summers and are bored to

death with the basic routine).
Denise, Scott ay.! Stan have had some experience.

Denise is interested in daphnia. Stan and Scott have caught
catfish before. How much prior exposure have Steve, Diane

and Dana had? Is their inexperience affecting the ways in

wh::h they interact with the environment?
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Thingl_t2_ralgUIR
1) xplore the concept that by changing factors in the

ecosystem, we can produce noticeable changes in the
system (eg. in bottled samples).

2) push the drawings. How does drawing and looking for
details to draw support students, understanding about
the wetland? Use as a problem solving situation.
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APPENDIX I

Sessond Observer's Field Notes
July 7, 1989

Arrived at the camp 10:20. Four groups of childLAn
with loaders.

The groups of children begin to move to different
areas. One girl comes over to Carol's group. They aro
known as the "G" group. The girl tells C. that they were
just swimming. It's an overcast day about 5°C.

It's a small peninsula surrounded by water.

lst girl speaks to me. We have to miss archery
me - Do you like archery?
girl - No
me - Then it's okay to miss it?
girl - yes

Girl looks at specimen jarA and pulls *hem out ot crate
one by one.

Boy pulls some equipment out of C.'s bag - camera and
microphone

C. hands out books to children. Five children here
presently. Children smell jar 'oat [Aim C. says "smell
this, it stinks."
me - sit down - outside of group

C. instructs - 1st play a game, then I.nme back and look
at specimens and draw
girl - I'm not good

Girl guesses game...can we play "Survival."
C. - hiding game

All have tape recorders - turn of'

Walk to game area. %.21i1Cren watch carefully.
3 guys talk re-archery "I vow there'll De no more

yellow in the middle of the bull's eye at the end of the
summer."

girl Dana - has a limp (CP?)
- talks to C. - v'you wear the same snorts and T-
shirt cll the time.i.
D. goes to loot for other four ot:Idren who have
hidden. (The ona she finds 1st has to then find
next child.)

C. goes to find Diane
me - have not been introduced. Standing by self waiting for
children and C. to come back from the busil.
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10:42
One leader with grey sweatshirt walks by, nothing said.

A different group of children playing archery.
discussion with C. This game - purpose to teach re-

hiding places in nature - yesterday, crept low to see a

different perspective
C. goes and finds 5 children. Dana other end of park

calls her back. They wait for Dana on command of C.
2 boys go to watch arChery.
lst girl talks to C. - tells her how other child found

her because she saw her hair

C. states she brought a jar in and more stuff as
specimens. Walk by other group - other boy says to boy in

"G" group "How come you're not doing archery?"
Four children locket specimen container. One boy

(white shirt) stands on edge, looks over shoulder.
lst girl asks if she should turn recorder on.

On comrand of C. - observe specimen and discuss
Other boy balds microphone. Kids standing, moving around.
me - sitting on ground

1st girl asks again if she can test water. 3 other
boys walk by - "boy it stinks here." 3 guys go with C. to
"see if they can find catfish."

Girly stay behind to draw some pictures.
me - have not said anything

Dana asks - "are we supposed to draw what we think we
saw?"
me - "I'm not sure. That's what it sounds like she wanted
you to do."

1st girl holds microphone and tape recorder is on. "I
know what I'm going to draw."

Wier two girls sit on either side.
C. checks on girls
White shirt boy stays behind to observe specimen

10:51
1st girl done picture - takes it to C.

Dana draws quietly.
C. suggests a 'specimen for Diane
Dana spesks to researcher - "I can't draw."
me - "Can I see? You labelled it, that's neat. What kind

of bug is it?"
Dana - "It's a catfish. Is that what we were supposed to

do?"
me - "I guess it can be specimen if you catch it."
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Dana walks over to C. and waits while C. talks to other

children.
1st girl tolls C. she's going to the water

C. to Dana " Have you seen a catfish today?"
Dana - "No"
C. - "Let's go and find one so you can compare with your
picture"

whits shirt boy has suction things to suck out
spool:rens from jar - "monopolising" - won't let other boy

have it

look at bug on top of water in jar. C. tucks children
if they could do it (rest on surface of water). Children
say no. C. says "I wonder how he does that." C. asks
question...t maks them think about it.
4 children around C.
2 at water

Diane wanders around, doesn't get involved very much.
Carol gives her a jar of water to look at - boiled water
compared to lake water

11:10
Carol goes to see students' drawings
Children explore what they want to with guidance and

suggestions from C.

me - go to white shirt bay
- "Is that the specimen

drawing?"
boy - "Yes"

- (follows instructions
involved quietly)

Diane using magnifying glass on jar of water. She gets

up to look at children at water looking for catfish.

Boy from other group - "What did you guys catch today?"
Stan - "A gar pike."

C. rays "feel this log"
other boy - "000-000, yuk!"

Diane asks what time it is

you just saw that you're

well. Very "studious,"

[end of observer's notes]
NB: 1st girl m Denise

boy in white shirt = Steve
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APPENDIX J

SUMMARY CHART OF OBJECTS DEPICTED
IN STUDENTS, DRAWINGS

Objects round in at Least One Drawing

Diane Denise Dana Scott Steve Stan
Rlamita
lily pad y y y Y
cat tail y y Y Y

Y
duckweed y
roots y y
seaweed y y
reeols Y Y
grass Y
Animas
frogs y y Y
turtle Y Y
crayfish Y
fish Y Y Y Y Y Y
snail Y Y
snake 'Y Y
dragonfly y y
birds Y Y
worms Y Y Y
shrimp Y Y
flies y Y
leeches Y
Pollution Y
garbage Y
sewage Y
Mgdy_Enta
eyes Y Y Y Y Y
ears Y
legs y y Y
arms Y
antennae y Y
cilia y Y Y
mouth Y
gills Y Y
stomach Y
tail Y
gthix
microbes Y Y
green foam y
nest Y
rocks y Y
person y
larva Y
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Name:

Birth:

Education:

Experience:

Awards:

Publications:

VITA

Carol Marie Hulland

Canada, 1960

Queen's University, 1979-81.
University of Guelph, 1981-83.
B.Sc. (agr., honours) 1983.
University of Toronto, 1984-85.
B.Ed. 1985.
Queen's University, Summer 1986, Ministry of
Education Course, Special Education, Part I.
Queen's University, 1988-1990.
M.Ed. (curriculum studies) 1990.

Elementary teacher, K-gr.8, music and
general, Metropolitan Separate School Board,
1985-1988.
Science curriculum development team,
M.S.S.B., 1987-1988.
Science curriculum development team, Ontario
Ministry of Education, August 1988.
Research Assistant, Queen's University
Faculty of Education, 1988-89.
Elementary teacher, gr.2-6. music and
general, Hastings County Board of Education,
1989-present.

Graduate scholarship, Queen's University,
1988-89.

(With M. O'Keefe, A. Bertoli, D. Carey, E.
Chiminello Lela, P. Crawford, P. Husarewych,
T. Laphen, & R. Oswald) Science: Exploring
gUr World, Curriculum Resource Document for
the M.S.S.B., Toronto, Ont., September 1967.

Contradictor; Principles in Elementary
grainrajazamintiliLgritisna. Paper
presented at the meeting of the Canadian
Society for the Study of Education
(C.S.1.E.), Quebec City, Quebec, June 1989.

Childranli_ChanginsiLlgrautienasaLlaifing&
Concepts: A Qualitative Study in a Swamp.
Paper presented at the meeting of the
C.S.S.E., Victoria, B.C., June 1990.
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END
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